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ABSTRACT 
• 
'·TJ1e ef::ue'.ct q:f" ·v·aryi·ng amounts of: :)1la:gne.sium ,additi:on.s. o·n 
.. 
~ 
'' 
·the :r·oom ·t,emperatu:~g .. , el:ec·:trical resist_i v·i ty behavior o·f: :1.i:thiu:m-: 
~. ·-· 
,, 
:O:f t·he ·powder~ ·of' L·i_2to3_, MgO, .and. c·_o 3o_4• TI-re., e'l-ect_I'ic·a·l 
:r·es.is.tivitie.s w·~re. ;rnea·sured ·with d:i.r-~ct-cu·r·r·:ertt: usj_ng· a. sirnp~·~· 
ohm~:Tfle.t·er :and the: l:L.tbitxm conc:en·trations w·ere .det:ermined. thro11_gh . 
. ; 
' . ~ 
It ·was fotrnd that· lithiun1 . . . ' ' ... · . 
.· . ' .-... · 
·1os.ses f·rom the: s:p.eci.m'er1s wer.e :eXJ?er;i.~nQ:~·d .. during· preJ;:>'qI1.c:1tion ... 
ano ·th·e. r .. e.sulting c:():Jnpo·=sit.io.ns .diff ·e.re:d greatly f·rom t·0.e .cl:5~ 
·we_d..,ghed. ·tth.e rgn;ge. =o.£. li:thi.um compositions ,ex:amin.ed :was q.pprox- , \., 
.. ima:tely .4 tnol~: ex,· ·to lOj,;-JTtOle % with ·tne· ma,gne·sium addi:tions r't1r'l,g-•. . ·---
.. 
,:,tivity ,were prqduceo :with magn.esi·µm add.itions. Ort t·he bas·i·s:, :. . . . . ·' .. 
Qf .this ·be.ha:Vior p:redict·i .. bhs. were made: on .wh.er·.e r:esi·,.stivity 
dr'o'.p:s s·ho·u1·d o·cc·u.r wit·h t·he: :(J~.Q:7- ·and O .·12- ·'1:ithium/cobal:t ra'.tio-s!t· 
Al.so·.,.. :for constant .. lithium compos_ition:s of 6.0 .mole% li.-thiurn 
. ,' 
-·-
~ 
.. and: 1.1. 5 mole .% -:lith:ium, ma.gn·esi.um. p.roduce:d a: ·ctrop .in. t·he %'e·sis:-
tivit_y which ·r.e.slil·ted .i.n ·tve·s·ist:Lvi·t .. i:e'S· e·qutfl O'r"'.· i9wer: than th.e ·· 
Cl%· rna:gn,es±·um. speqi.mens •. Fr.om this ~t· q;ppe·a:rs poss..i·b_l_e to=, 
. . .· 
. } 
. 
. . . 
.produc:e ·o.e··t·t-er _r9or1J-t.~mpera·t·ur-e condµctors _wi·th. ·the. pr.op .. er-
. .. 
-· 
magn:esiu:m qdditions to t:he LixQo(i"-K)O system. 
;, 
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The effects produced by rrtc1g:nesium g;r:,e :explained through 
the 
11
hopping 11 meohanism of eond11ction as p:ropo$.ecl by Heikes · 
··• Magnesium proctuc es g. npre'-
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the cobalt +2 artd. +3 ions) artd lowers the activation eRe:l'.'gy 
. -' f; ,, 
·.1,' 
" 
I 
,·, .. 
:"I'" 
.. ; .. ~. . ·- ., .. .,, 
., 
,· .,. 
·~ . 
.•. 
:2.· 
\ 
.~ 
,·, 
'. 
( 
I 
.... 
.. '3 
IN.TRODUCT!:oN ' .. .· '. 
'. 
Be:caus-:e of t_oa:~y-t s :rapid-1.Y q.QVanc::Lng· ·el:ect_~o-rtics t.ec.hrt9ICXJY~. 
n.evi mater-i_a·1s .a.re :constantl·y. b·eing _sough.t. which are l.o~t .in cost 
~ 
-
' 
C 
-a.nd eas·y ·to pr.oduce .• , :As- a. ·I'.esult, i.n :re·c~_n.t ·years·; ·many me-tai 
:oxide systems have com.e: 11:hder ·more :extens.ive_-·. exa.mi·nations i·n. 
t:L:ort wnich ,prove: quits: costly.. How.ev·e.r_, perhaps of mar.~ :Lrnpo·r~ 
-t:artc:~, at r·elativ.ely low t-emperature .. s: (approximately· 30.0·0 :c). ,. •, t 
·the .. sem.:L:conduc:t,.ing propertie$ of· -the materials deg·en:era:t·e. into 
rne.tallic conduct,ion. Also, degene:rac.y into. r.netalli.c c.onductior1 
. 
:, dir.:.ecti:O·n. of an ·e-xce·S.'S of ·~ ~lectro·p_(YS.i tiye C·on·~titu:ents. ( S.l1C;h_ q.$: ., ' ' 
,zn:o :arid Ti.CJ 2 } and in the. dir.ecti.orJ :of: ~n e;.xce$S :Of e·leqtr:o·-. .( 
ne·g-ative c:onsti:tuents· · ·(s.uc.h, a.s, f\~Q .ctnd cu20J· :h:ave be:e·n· ·ftjuncl :to ' . ) ·.·· 
. !?Xhibit sem;t,..corrd;c:tihg properties." cu2o is still in use as- a: jnateria·l fo-r el.e:c.-tr.o_nid de-vices. 
:stdi~h:j.ometricn· d:xides the e_l·ec·_tr.o·nic co_n,dtic,t:Lon .. is :ge_nera·11y·· . ·~ 
·... 
. .. 
·, .at.t.ribut.ed'. :to the: f ac·t. tha't a fra.ctio.rt of o.n·e of the -ionic· 
. 
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vc1len9y 
•: 
. 
. 
' s.tat~.- ·:Th.e ex:tra charge introduced by these ions is.·, 
-· ,.J ...... 
,-. ' 
/ . ' 
', 
I 
,."-··. 
·-· ~ 
4 
. .!'· 
I \ 
:. 1att'i¢ e·; Th·e ·1:a.t·tic-e .d.er ec:t-s. ·in .the ·n1:1on- :stcyi.chiornetric n 
Howeve.r, · :the- a..pp.lic·a.tion -.of rrnon~:s:toich:iome.tr.:Lc r.r comp·oµnd:s 
· .a.s s-emi-,c~onduct-irtg material:s· ·fn) ·r,e-$·ear_ch and· p-roct.u·c;; tion ·i-s ' 
f:r.orh -stoicJ1.iorn0tr:y tha·t_ can be obta.±neq with. t:he~e- FD,ateri-ais· is 
U·silall:Y. ·very· smtrll c3._nd_ t;he pds'.S:i.b]~e =var:i·ati_ons of th.e. :ele.ctric·a-1 
:res:istivity are accord:Lngly restrict'2q. Also 
. . . . ' t:h·e a:e·v-i_ati-o-ns. . - . ' . '. ·. . . . ,'- . 
,, 
:that repr.o·ducible .; r~si.stivit.±:es fit'e·- d:if.ficttlt. and .q·ometirnes 
:ttear.ly impossibl·e· to obtain. The. sta.biJ.ity· of· th.es§ ·o·xide-s .is 
. ;.: . 
. . g·eher.all·y po:or· and· -oft~·n the nho-n--s,t.oichiometriqr' \:l~}Viat-idrts m~:Y 
So:me :of the dif f:ic:1.11:t1es ··-· . . ' .. ,·· ·. . ' . 
. .... ·. 
vaienc.y n s.etrti-:conduc t:q:r\S:. 
•. 
pc}S$·tb1e to :vary· the electr·i.cal .r.esist'iv.it_y of ·c.ert·ain semi--
" 
,.,--• . 
:cond.u.cti.ng: m.atet\'ials· ,in. a :co-r1tr·o1lable )na·_nner .. The ::bas:is. ·of 
t:h~s principle. is a· .$ubstat)ce with low elecYtr:icg.-l -90:nduc·t.ivi.ty 
which contain·s· :an element of: :Jt:iore or :less varia.ble valency . .::-· 
Thi.~. _:~J.·em:ent.' s.hduid be.-. pres:·ettt: ·in the -subs-tance in o-ne valer1ce-. :...· 
s~at.e ·only ·and shoµld ·-s·ho\il no tenden.ci-es to fo-r-m '1.r1:on-
. 
. 
s.-t.oi-c:hi_ometr·ic ,r- c-ornpounci.'s ·-und:et,: nQ+Ttxal ·co:t1cr±tions. ( ·The .d:ema,.ncl 
·- .. 
,:, 
. - . 
--
.• ·; 
-~- l • ~· 
-·~. 
,,.l t 
... 
., .... 
-~. 
I 
t· 
) 
······;,··' 
. 'i!: !: 
••'.; 
. !··· • • 
...... 
ttie tra·ns.it:Lon serieis •. ) .. .. . Tl\~- i-ncot'p:ortg t;Lon .in·to the: -.l_a.:t_t::.Lc e 
qn parent ~a-ti-on s:it:·e.s o:f :aJ1. amount of· fa-reign c:aticjn$ :w::irbh 
~- ·different va·1ence f·rom ·that. ·of :the p:arent ·ca.tions pr9dt1¢_·.e,s 
·., 
?arent cations· of deviat·ing valence· ·to ma~nt.ai"n. ·t.he c'}J.crrge: 
s.-pecif:i;c re:s_i:s-tanciE~ .of tne, rn.ateria.ls:. 
rAs· an ~xample o.f cont:00·11_ed~v-a·1ency· ·co.n·sider- t}1_e ·o·.xi·de· 
5 
-C.o·O: in. which, the· cob-a1t: i_q.ns sh.ow a, ch~r.ge o.f -+2· ..• If: a c erta·in . . ~ .. . . . .. ' 
. 
• 
. amount of .L-i2.o :(in, this. wo·rk· '.a_ode.d in. th-e forrn o·f Li_2co3'.) ,is 
~--
added to this ox-ide a homqgen-~·ous cry:s·talline Jnat·erial. having. 
the chemical f_ormula of Li)~o+2 (l~ 2x)Co +Jxo results. 'this 
,··homogeneity cqn be ach:L.eved b:Y. .h.eating the i.ntima:·t~: r.ni.xture- a.t 
~leva:ted temper-ature·s· .so, that the -syst~m ean -absorb oxygen fr-om 
tJ1_e· atmost:>he:re -c331-ci p.-r·o:duc·E;;· · a la:ttice wi_th th.-e. ·sm.al.l:est ·po-s:s·ib:iEt / 
amount's- of· la:ttice ·def e.ct·s •. To mainta.in tbe: c.ha·rg~ ~alattce o.n 
_:tne latt::i.ce a qu:antity of 'C{),balt: ·f:ons.- ·eq_ual t:o th:E~ amount· ,of 
.. l_;i. thium add.ed· ·a_s::$u-rnes .a. +-3 :cihar·ge·-:.. ·The fo::Qeign. i.drt, upon- add:i-
tio:n to-·· ·the J._a·tti·ce, must· snow a _sn1a1·1er tendency to change its 
In ·the ·eaq.~: -. :Und.er. considera-
/ 
··t;i.t:>rt·,. the thir.o f.on-:iz·gtiqn· poten.ti:al for :cobalt is 33 .. 8 eV 
/ 
I 
w:t-11le the· s-ec·ond· ionization :p:ot-ential .for t±-t·hiu~- is ·7$ .• _.3 e\f {.2) 
./ 
'•• / a_nci ·f:rom 'these:. v.-a;lues it· c_a_n J>e- _,iseeh that, ·tll._e fb.rma.t·:Lon ·o.f · 
' 
.. -cob·a1t +-3 ions i·s .. :en.erg_~t.ic:al_ly· :mor.ea.:f°avorab.le ·t:han tn-e.· forma.t:i_o_n . . -~- . 
•''.• ,., 
;., ...... 
'·"f·· 
• 
' .. , 
; i 
; i 
I 
I' 
! 
r I. 
b 
¥ 
. ·~· . ' .' '.'."' : 
'· ,._,, .. ~. · .. 
,_,. ___ _..,,__,. ___ , __ . 
.. ~·~. ·-
. J 
' . 
., :•· 
;~. 
·mar1nE=r. -i1s p-- _type ·invoivi:tig ·:tlie· trc1ns:f'.:er of· ·a. hol:.e ft,:bm: a,: :c·o_b-alt· 
.... .-..... 
:th.emse·lve-s very well to the . princi,pl~ qf. 11co·ntrolied.- valenc·-y·,:· rr 
Sonre o·f the earliest wo·rk dq·ne: orr the ,rn.etal .oxide 
:r-r-c:ont~9,ll_ed--rvalency'' semi;..conductors Wq.$ tna·t of Verwey -and h:i--s· 
:a-ssoq:Lc3.te$ (~.) at, Phillips Research Laborator"ie·s. :Th.e.se· work:ers 
' . ·.· . .. . .· . 
. . 
. I 
.. . . s:tu'd.ied t;:h·e re:sistiviti behavior -of _NiQ· and Co'O doped w:ith Li 2;o. 
All t,h .. e, spec-i-_rnens were prep.a·re·d fro-m .i·nti:mately ntl.xed pqwder.s .of 
t·he· oxid-~-$ and: s_i·nt-er·ed in :a-ir. The· ~:he_m:ical ·an.alysi·s -q·.£ t~he 
·-s.:1:,·ec·imen.:s sliowed tha-t. ~t-he· c·orrc-entr:a_tio>tJ of the :c:ations: ·wi:tn +3 
ql1c3.r~res :.( e.ithe1> cobcfl t -6.r ni.~ke.l ~- ~gr,e·ed ·ver·y ·well wi tn tn:e: 
.,. 
amounts of· lit_hium atoms· added t:o the· par.,ertt oxi:des .. It .was 
~ . . . . . ' ... 
,f'q·u11cl f.o_r both oxide -systems tes:ted. t-h:at inc-rea:si-ng .J:L_.th:iJ)rn 
·cont.($.nt:_s l~e:ctuced 'the s-pecific r,esistan·ce .:of the o·xides:- qµi te.-
-dra/$t-1_Cgli.y," :Fo.t' ·CoO the ·S_pecific r:e·si:stance dropped :frorrr . . . 
.. 
. 
36 x 10 6 .ohm-c:rh with O •. 02-5 mole ·% lithium to 40·0 ohm~c-m w{·th . . . . . . . - . . . . . . . ~ . . . . ' . . . . 
. . " . . . . ; . . . ... 
5 mole % litni·um.. The bE:h·c3.vior .of log €
 VS 1/T ·wa,s .lin·ea:r for-
preted af>- the: acti·vatio_:n :·~;rrergy ,r~quire·d for th:e G'Ohqµction 
.. p:r;o.c~ss. Ve-rw.ey explain,e·d ·t:he ·.con.ducti_o·n- a.s: ·th-e mi_gr:at:i.o:ri: :of 
::a ·.c.oba·lt +3 ion due to the mo:·v.ernel)t. of a _posi-t:i\':e :ho .. l.e fr,om :a· 
copal:t +3 ion. to· a: .cobctlt· +2 i·o.n .. .It ,wa,s felt· tha.t ,the cob·alt 
... ·,. ' . . .. ,·. . .. 
+:3 :i.:'011:s wer.e. bo.ut1d to lithium +·_1 _:i.o·ns .and the. :a.c.ti vat;ior1 · e.n:er-gst 
f"or ·tn:e c-onduc-tion process was.- ·qor1$id..erea as simply. the_ wo:rt 
r.~quire·d :to s:·ep,ara:t,e t~e -c·p-J~al:t .+3 /id·ns ft,om the lithiur.n +·1= :ions= •. _ 
Tl1~$:_,, the ac-tivati,on. erie:r_gy· ·w'"9-:.S ··tho.u_gl)..t t:O· ·a:r:i:Ere ·du·~- to.: Q·~rfier. 
/. 
. . . .., 
:~. 
.. 
r i ,. 
•· 
,!• ..... 
'· 
., 
I µ 
/ 
·'J 
~-
' ~~ . ' 
t 
:pr.qdµq tior,;, .. · 
I 
) 
.... : ··:··•. 
't 
c3.nd c:012;per -{C-uO) l~y :measur·ing: the el·ectric2tl ,r.esis_tivi·ty· -and . ~ .~ 
. 
. \: 
:. 
act~_vation en·ergi,es irtvo·l\1ed witl1. the conduct:fon pr-c)cess.i, All 
o,f t})e S)(sterns t-ested SIJO~r·ed an initial dec:re,1.-s.e .:in. resi:sti.v:i.ty· 
witn small ;aclditi{jn·s o·f :l:Lthi·Um ft>llOwed'. either., b_y .-a· Je·v.e.11.ing· 
. 
. . 
;cJff. -or .c3.: broa.d :rnin·irtium. -with f.-ur·ther additibh.s. A ,similar tret1d . . ·. . ~. . 
:~· 
W~$: J::qq.nd. for acti\1at~t_-qn. energies. For the 11..t:n::Lum~.qop .. ea CoO 
th>E~se .w.o.rte·r·:S found the. minimum ro,om t.empera·tur~: sp··eci:f·ic resis:.. · 
" • . • 
·r9 pid :-inor.e-a-se: .a::t high l:~·thi:U;m .c .. ont-e.rtts. .:The a·cti vat-io·n ener._gy 
va.lue·s 'f.01: ·oo.ped coo s·howed: 9. "J;)r·o.:ad minimum. with a s·te.ep increase 
,/. 
:.beyond app_roxitnately the s·am.e l:ithium oo·nterit . ( ~- )nol.e· %: ) .•. 
:Hei.l(es a·nd J"t)hnston .. f ~lt ·tha.t. ·the .a-cti\~at.ion ~t1;ergy .. is a mo··bil·:Lt_y· 
f clQ·tor raJ:h:er· :t-har1 o·ne =qf ¢·a.:rr-i.er pro·duct·ion a:s an~_-lyze:ct b:y· 
~· •.• 
Thes:e i.nVef;,tiga.tQr:'S expla·ir:red :th-e C()rrdu:c·tio.n ... as ,a diffu·sion 
-
·from: the co:balt·· -fr3: =to· c·o.ba-lt.. t·2 t.ons:... ·In ;t:his."_pr.oces:s. it i.s 
P9S$tble for the pbs±ttve holes ·to becofue t~~ppsd in a polat 
I 
cry-stgl by· the· :pol-a:rizatiqn iJiduced by t·he hole .±:ts_.elt ::and· ;the 
~-c·c-ornpan·ying: ,latti·ce d:Lstortio.n, (the lat::tice ·cq··J.t~:Ps.:ei·s ,a:rounct· ,. .: . . 
. 
;,.,· 
~ 
tri.e: -co:ba·it ·+3 ions which. qre-· smalle·r than the cobalt +.2· ··ionsi). 
:rn oro:·~.:r· .fox, .. the. ·t.rap.ped ho)_e· to: mov:.e under ··the· iPf:l1Jence :df 
•':". 
an; cl.pp-l;L<2d potenti.al it is n·e.ces-sar_y :fc)I'· i·on.s S4I·P:;t'?QUn.oin.g "thJ~: 
••• 
,,. 
, ... /. 
.... •. , .• - ·- ·, •..... , ..... ,, ·, -,.·:·•,:::.-.·:.:~:c, .-, . .;;;, 
• 
1 
. ! 
. . 
.. .8 
ii.-: .. co.b:a.lt +.~·- i:Ol1.: ·t.o be: :.di.s_p-1-ac.ed back to __ . th·ei.r -Urtstr·aihed. position·. 
~ ·1 ,I ~ .(~., " 
' 
•• 
. wi·th ~h~~- Q:o·m:pl,e·t:ed a.Ii the. neighboring -s:Ltes· ·are ... d.egenerate .~ 
and mot;i"on. of th.e ho:1e. ·is possible.. The work _r:equ.ired to move: 
··the ior:is tra_pp,ing the .hol_:e: i.s in/t·erp-re·tecl a.$. th·e activatio:n. 
:·en·ergy a..n,d in. ·this a-rtalys.i .. $_. t;·b·e. :ac:t.ivati·o·n. ~n-~vgy· b.ec.c)rr1e.s :<:1 . 
.,· 
.. 
mobilit-y· .fa.c:tor. 
t:hat the -c;to·nduc.t_ion. -p,rocess is be,tt.er explained by a ban:d the.ory 
.. 
.How-.~v ~r:.c; .., 
:the "'-ho:pp.i.r1g'' :Jn~cha-ni·sm- to be .. inapplicable to: :the s·_ys·:tem. Ro.:i1o·s. 
.. . . . .· .. · .... 
' '.. 
. ' ~-. 
. . .. 
:_c·oO :s.ingl.e cryst-~ls with· 1i thium c.onten·ts :betwe.eh O. 7 and 1 • .i. 
mole % a..nd :found a log e vs 1/T behavior sim:ila;1to previoos 
· :inve·st:Lga.tor .. $. Austin, Spr-ingthorpe, anq Smi.t·h ·(8): _-p·erf·orm~d 
Hali ··~f:f~ct- .rnea·$lJ.I:"etnen'tS on single crys.tal._$ o·f .-c·oo do.p.ed' .wi·tn 
·• 
·a:pp.ro.)<:ilnat.e1~.y 1 moi.e :% lithi-um. They- ,found an· -increa.se· .:i.r1 , 
.. mobility ·with increa-$ing t'er:npe:ratur..e wl1ic.h they ·i·n:t.erpr~ted a."s:· 
,i. 
pcis si·b1y ·t.110,ica ting· ·a ·hoJ?I?in.g· :me.c·ha·n:i s-m: fo.r, th.e conduct.ion 
·' 
,· 
7 :· 
. of m_a .. grte$ium .additi.ons on tlre: e1·ectrica_i. -r·e3:istiv,it.y ·of 1·ith_i:um--
·dop·ed s:int.ered c·o.O. The ion,i:¢ r·a:ct,ius o.f· t]-1.e· ·magnesium +2 ::i.o.n.-, 
·.0·~:66,i; i.s internl°ect·,i,c1t~- bet.ween those of the cobalt· +·2 and 
. _.O _ . . 0 coba:l:.t:. + 3 io n:s·, \vhi:c·h ar ~- o •. 7 2A -a:ttd o .. 6.J.J-\.: (lO ) r.e ~:-p.ec·ti: vely_· .. · • . ij . 
. . 
;" ;, ;~ .... 
',:'..-----
; 
' 
...... 
' I 
.9 
i.on r-··a,diu.s th.~· pr·e-,senc.~ o.:f )nagne,silim. ions on .col.Ya.it l.a-:t:.ti·ce 
·s.i.tes wo.u·1·ct p.ro.duc:~ 2l: :T1pre~r:·el.axedTT latt:ic·e. Thes.e· :Lons, P .. Y 
-· 
~ 
" t:h:emselv.e.s., would. not take: part in·. t:h:e. ciinductio.n ,i2roce~.s·, buJ; 
woLi'l.d. ·1.es:seri: the ·wc)rt :r·equir··ed ·to U'11'ttap the lJO.Sit:i·ve. 'holes 
.,,; . 
~ 
·m~:gne·s_.-ium to· :·the, s
1
ys-te.rn wo·u.1d d:il.,ut_e tn.e ·conc.entr.-at·-io.n .q_f qb:arge.-
carriers ·to·r: a g:1·ve:o- lit-hi:u:m to c·oba·lt rat-ic) ~· bjJ.t .i:t :wa:~ b··eiieved: 
'..-;:• 
that: ·.at· -a c·.ertai-n. ra.nge. of rnagne·siu.m·· ·c·o·hcentr\1tions- the. lower· 
.. 
. a_.c}:t·1)1.a.tion .. en:ergy _p~o:d1Jced by their addi.tion w.ould ·ove:rcon1e the 
'-
char: g e c~:rrier conoent_ration di_l·U:t·i.o-n and .. prod·lJc~ .9 rn:L,nirnum -i_n-
-'th:e sp:ec.:·if :Le res:i.stanc:e· • 
. ~. 
Th-e :di.-ffusion :of tJte. posit·i\ie .ho.1es in t:he·· lat·t:i.c>~- .qan 
:b,e ·treat·ed - ther:rnod.ynamically (4-).. The act:iv~tiqn t~n:ergy· is 
__ defirted -as the work._ pone: in: hlc5:vin.g ·-the i:ons surr"CJundi_ng the 
:tr-9:pp-,ecl riq--le: :q.t :constant press·ttr-e an·d: teJ11p-era,.tur.:e· :so. :as. t:o .-. 
ailq.v? ·tb;e ho.le to: move: in the latt:ic·e. This work ::porr.espond$- · 
to.· the criap_ge -:in th~ Gibbs fr.ee energy,~ A G. Thi~ .d:t.ff-u-sio:n 
. t 
.. 
;coeffiGi~nt) D) fo~ the process c~n be written as {ll) 
- A·G/ .. RT: 
e ·' . . . 
i.-. . .. 
-in.. whi:c:h! 1- jq a .. - g:e_ometrica:1_ fac::fo·r-,._ na- tlte cl±.:s:tarrce · of hoppin:g 
:f:o.r. t:he ho-le· w.tt.h a .b~ing the lattice c:o.n:St.arit·,· and -Jo, the 
J 
The: Ein.ste.in· (or Nerh·s·t~.Eins:t:ein) .·equa-ti¢n- -r·eI-a_te.s the 
·' 
:.,., 
-J. 
--:--·I·,• 
. r 
j 
.~ I 
:: I 
~ 
i 
I 
! 
' •' 
_____ .... ______________ ...._. __ . -.-_ ......._.,o;.,,_:·.,;'.,,,...:::.._·.,.:,--.a;.;z· . ---...!L 
" 
"''. 
·:10 
' · .. 
J .. _~\,{. • } .diffusion ,c·oeffici·ent D: to· the :c·o11ot1crtivi:,e::y o·f ah· :ii5hic·· ··· 
ma11rial -in the fallowing· way· .(1 .. 2' 
2 ~ _·Ne .. 
D kT 
13):: 
-iv. 
;in which N is the number of charge carrieI's}cm$, e. is the 
. . 
. :.ele°Q!tric' -char:ge ,on the p~rti:c1-.~: ·(in· thi,s e.as.e: a p·os·iti-v,e po:le), 
,i: 
; ... 
T:. i~s th·e abs:01.ut~ t·empep~tµre,· a.no .k is 'Boltzmann '-s c.o·~·$·tarTt .•. : 
:Cotrili,inittg these.: ·two .r.ela:tionsh:ips art<l trsing· th·e ·tela.tionship: 
Jor N of N 4x/ a 3 where x is the· mole Iriactiort O.f lithium 
adcli.tion,o- becomes 
0 4~ e
2
n
2 f-Jo 
a k 
• 
-AG/RT 
e 
T 
.. 
or· :exp.r.~s.·.$·e¢.l in ·terms of sp.ec.ifit:'. resistance 
e a k 
· - AS/R AH/RT 
1 Te 
1. 
+ 
as,. in t:he li·t·er~.t··ur e., has bee_n · C<)ns'idered. to be: c:0J1-:.st;_an:t •.. 
Heikes and Johnsto-n f e.l:t tha:t the s.lope obtained from '3.. plot· 
of. log e vs 1/T was b.et·te17- int-~:rp.r~_tted as A H. 
Looking a.t the a.bc1ve .e;xp1teS$iPn for specific :resistance· 
- .... 
:L.t :oan ·be seen tha·t .magnesium additions, as proposed.,. wo·u·l:d. 
.i:nfl.11.ence 
€through c!,X, and AH. Low.ering AH and a (dµe: .to 
:: 
.,th'3 .smaller magtre·sium ions) wqrks 't,o 'decre·ase e ' but in-
··d'iluting the car'riers' .x ha.$. t.he ·opposite effect of worJ<in.g 
th!'Ol.lgb: the-' cte·nomihatd.r ·to. ·increase e ·. 
The o·n:l_y reported. ·att:empt::: to add rnagt1e,si.um :,to :a :!.f.qorrtro:J_le·g~ . ... 
•' 
/ . 
• • f· ,· 
;. 
., 
\ 
:11 
- added Mg(J to lithium doped N:iO. verwey explained the re$µJ.tin.g 
·• 
resistivity incre.ase as being caused by a s;i.m-ple reducti_on of 
c:arrier-s.. fIOW$v:e.:r,. t·h:.~ .a.dded .. ma_g_nes_iurn rnay: __ ha-v.e··pr·o;dt.1qe.d q. 
,\ . 
. / .;,,,,, " . ' . . 
l(5wered Nieel t:ernperatur··e· s:uch .. th·a.t·· .t,hese· $p·ec·imer1s wer.e testecJ . 
above the resµJ_ting N(el terrtperaturre Where the a.ctivat:i.on energ:y 
:wa,s .. f'o .. und to be higher • 
.. . 
/." 
,· 
·., 
:\ 
... _,., 
.~. 
. '··'' . 
.f, 
·.1 
-
p . 
.. 
'.I 
lt . 
. , 
·' 
EXPERIMENTAL· :r.ROCEDURE ·:. 
Th~·- I}U_r·poS:e: of th:i:·S (=x.per.irnental project -wa:s t.o:Qd·e·ternd.ne.: 
:·the ~tf·e·~t· .o:f v:ari·o.:µs }1g:o· :addi,t.ions 'On· t.he, elec·tri·c:iai r·esi.s·tan:c.:e. 
]jeha:{1:Lq·r ·o:f. 1·i·t:hitim. :a.-oped. {1QO ,- while. ma:"i.nta:L:nin_g co.n.s.ta·nt 
i.·t was nec.essar.y to .. d~vt~lop .. and establi;sh· a:n· e·xp.·erimen.tal_ 
. _prac:ed:u·re for· {l.): pr.el?-ar.ing- ·tl:i.e· sp._ecimens:. pf tl1 .. e ·.oes.irecl ch~mi_o-.al 
(Jomp··os:itto·ns:_,, .(2) .. mea,strr>i-n.g th:e· eiect·r:L"ca:1 rE=..s.i.stanc.e .of: th~. 
:sp.-ec.i·mens .f·or l.i'thium co.·nten:t •. 
:. 
PREP.ARA:'I'I0N1 op·. ·sP:ECI:MENS . ·- . ' 
. . ·. . .. . .. ' . - . 
. t, 
,,. rt :wa::s d.e,c:·ided to test: siimp,1·.e:s ot three :differe-nt oobalt . 
. t·q· J;:i:t:hiurn :r.~1ti_o·s: with: .various .amq:uJ1ts- :of· ·M·gd add·~¢!. fot'· ·Ehi¢h: 
.. individ11al rat·.fo: .. · ........ · .·• . . . . •. . ..... . ·Tn:e.: -c:ob:tflt~li:thi1im :r·a.tid-·s exami·n·eo w:er·e 
·g·· ··--1· · s· ---1· · a· n· '··d s·· • :2 .'.. ..·, ... : . ,, . . .· . .. ... 
9: 1: 1, 9: l: :2, . :a:nd .9 :' 1: 3. :By .hold.:LD.g the·· ·c:.C):balt~ l:1 t·hiu.m J~.at.io. . . . . . . . . . . . ;,e . . • 
·" 
:L-nte.rpreted. 
. 
•-. - - - --~ -·----=--· -
"Th·:e:-·te-st ·sp·:¢():i.mJ;n:s:- :were •prepared· from f?OWders: ·Q'I· · Co.3J) 4-:r 
·; :L:j_2Cd·_3 ·to suppl_y tl\e, lit·hi.tim_~· and MgO. ., . All ·thr.~.e. ~hemic:al 
.,. 
··coiTlp.du.nd:s were s.tandar'd r.e·age_nt: gr'ai:le·s which ·are: easily 
·~- . 
.' :. -~· 
;. t.: 
\ 
- ;, . ' 
!f 
'· 
• 
, .• a 
r. 
I 
l 
I 
/ 
·r 
. ,· ;;-
I 
I 
r 
; 
' 
... t~. 1 ' 
. . .. . ' . .,,. 
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13· 
:o:;b.t:_a.i.n.aJJle t:hrougli: a-rry·. ch.e.nti..c·_a1 sup:ply hous:-e-. 
... ··... . ·-· 
,. 
Each of the powd.e:v.s was·. ·f·irst :qried to drive. off· a::ny :W~:ft'er ·. 
. . . / 
'· 
w:hich woµild affect ·the t.rue we~gh·t ·of :a;: .given portion of ·a11Y 
o.f them. The 'Li 2co3 and C0.30 4 ,were dried· D\iernight at 120(1.,c 
u 
c1n·a. ·the· :ext.r··errrely hydP;osco·pi;c MgO. wa:s dried, overnight· at .1.lbo0 ~:.~ 
A.;ft:.~r drying, :tne· · ,pr.operly .w·ei.ghe.d .powders. Wei'e, rtr:Lx~d thoo:r?·o·ugh~ · . . . . . . . 
·1y· to .insure. a homqg~rt .. eous.:· mixt:ur.~ ! '·Ho:rnc).:g·enei t:1-1 ·w~~s f:·u.:rther 
. insur.eo b.Y f'ir1.ng .eaq.h: .spec:ime·n at· a.n. eleva·ted :temp-.erc3.tq1>e. 
The firing-· s·equ-ehce i.nYoJ}Jed h:ea·t.i'ng t_he m-ixed po·w.ders a.t 
9.3. •, s0 c ( ,200°r):, ; 2(JS.0:c ( 4Qo 0 r:), 4·25. s:0ccsoo 0 r), 54:9°c(i200·°F) ,· :aft.cl ; 
871 °e(l600()P), holdi1;ig the' rnixture{:t each.. of theS~·:.t_§ffiper;,.~ 
· ·tures for c>ne hoiir f· and.. f·in·ally· at 1.1.0·0·0 c ft>t 24 hours. without 
interruption. This/treatment allowed ample time fo<f1iffusion 
t,9 :PI:'o.·mo:te .hornog·ene·ity _i·n t_h·e mat~.ti:al .a.nd a·lso provided ample 
-· 
ti·m~: for ·the oxyg:en co,nt .. en.t t,o ad-d:tist .it-self s·o as ·t9 produce .. a 
C 
·1atti·,c.-e· with t·h.e smglle:S·t :p.os.sib.l .. ~ am.ou:nt, .of latt~Lc:e de.f ec·ts .· 
Dt1.rin·g the: f t·vi.ng ,b:p.erat·io-n t:t-te- gr·actU:·a:l h:eat~·ng up to .1100-0c-: 
to· a ajnirnurn. VJ:°erwe·y, (4) rep.ort·.·ed tnat pro:1or1ged ·1-ie·ati·n.g .o:f. 
=sampl:es: J;.n th·e air· le·d· to ·pie-r:c .ept:1bie .litlii.Um lO·'Efs es w:tli:cl1 he 
·attr,.i)J·Ut.·ecl :t·o ·an .appr~~·:iable· :\1.olatili ty of_ Li,20:. B'.erkowi·tz, 
'-.-~rid co~·wo·r:kers: (14) b.av·e since determine_d t·h.e ·va.p.o.r pre.$:SJJ.re_s: ··o.t' 
· Li 2o in. the range :from 2980K · tb 1EiOG6K. They f Ound the vapor 
. . 
, .. pres$µre to. :be: very lo:w in ·thi.S' ,,r·ange and- it-does~-not a1)rfear ~~ 
.--· . 
.;. --~ 
. Jo •• 
.r 
··~ 
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t·hat L1.2·co.·3 d~e.rep,:Lt,ates· from the powder :ntlx;tµre. i,f it: is heated 
·It. was 'f,e,1t· that: 
.- .- . ·"' .-- . 
-·· 
, gr:.~dq:a·i: h.eat-ing· to,, .ll:(J0°c~ co1:11d· ·k·e.ep· th:i:s lo.ss·. ·to· cl mirt:itnum. . . 
. 
. 
•.. : 
~~--....:.,;.._...,. 
,, 
• 
fo·r these bo·ats obtaina.ble f.r,qm Fisher -Sc'-'i.enti'fic .compa:ci·:y) ·w·h:Cc:h 
\ 
.h·~:·v·e a high :Si0.2 cont.en:t w:·er.e· us·~.d for· this pwrp·ose. The, errt;ir·:e· 
'.firing tr-eat.ment and th.e· =subsequent;· .sintering op.e.ra.tion. 5//ere 
c·o.nd·ucted it1 an air atrno·s·phere, n.Q s:pec .. ia.l fu.rnac:·e .atmospheres .. 
. :b·eing useQ .. The sintering tr:e·a·tment: W.ct'$ not ·abie to b:.e. 'C:'.:Ofnb,irtect 
'· .. 
·w·i.th .the. -firing oper:a·t-ion so' .c1s. to: ·q..~·0{)1np.li.:sh, btrth _pu.r·poses· ·w.ith 
.pn .. e operation b.e.ca.use· of· th~ c.o:2 1:Lb·erated .fro,m. the ·brea:kdown 
C·ompacted. ·s:p.ecime~1-$ woul.d ·crum·ble ·due to. the 
04'• 
·, 
· internal pressure built up by trJ,e· evolvE!cl CO 2 • Following fi1;;lr1g, 
·th·e · .Pow·der.s :w:e.re. gr·ound '.b:efor.e pre ..ssing into ·the desired _geqm.e.try •: 
:'Il:r~: sp-~:c-i.men· g.eometry wa_s a: ·cy·l~n·der .w-ith a· diameter o:t' 
-0, 5. incn.~s.. .Pre:ss:ing ·w<?-s· .,dq.ne in cl hyclraulic. metallographi·c 
mot1nt.ing Pl'·$SS: ·w.±·th .a· si·n·gle :action: d.ie .produc.i.ng: th·e O .. 5 i·nch-, 
.. :~· 
·:samp:le. . ~he lengths .. of .th.e: .. pres s:ed cy:linder=s ra.ng~d· from o:. 30. 
. 
.... 
t:o O . .s·o inc·hes. :wi:th ·the averag:e:, length .being.1~fetween. CJ. 38.:· ar{Q: 
. . . -
. 
,. 
-... .:-' .. 
,-;:-' 
' · .P_.r.e:$:sur·e of'· ~-5 .. ~OO·o p:-s:i..: :A_ .few .·drops of wa.ter .wer.e m;Lxed into 
./ .. 
,·-"· 
/' 
..... ;, 
. /. 
·the powd,er ~. i:nunedi~·teiy ·bp1:)re presst:ng~. ···· Ex·p·erienc··e showed ·that. 
. / 
. 
·this: moisture acted-<as a ·suffici.ent .binder p:rev·entitrg the . . . .. ' . . / 
. ' . . 
.,-:,r 
/ 
,.;,,-' 
/ 
oyl:inde:rs f/~:))m, c:rumbl~ng q,n r·e~o-val from the ... ,ct·ie ,and :fac·il·t.~at,i_ng. 
,l'• /"I 
,/ 
: \ 
' I 
! 
I 
I 
! 
/ 
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! 
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' 
' 
. B·e:f·ore :s,i;n_teri:ng the. press_e:d ·cylinde-rs·: vtere: :heated: a,t. 
130°c f.cJr a ·.f·ew: ho.-urs.. in order· t.o .dr:tv~ o:f.f -the water ad<:led 
15\ . 
as a: .bind-er·. ·The .ac·tu.al sint·~r·i:rig o,p_e:ra·t.io.n .co-n·siste·d of· h,e;c1t~ 
. ·ing·· thei spec±men.s in air ·for· -24 hcJU·rs at_ -cl -te;Jnp.era.tur:e of llO:o0.:c 
artd: al.lowing ·them ·to cool in air. . .I:t :hc:1s :pe.enl·:-fiound: ,thg:t 
$p~c:ime>ris sinterecl without pre.limihary :d:ryi.ng con.tain:eo. ,nu.rn-erous 
cr,ac1zs due- to· the·· rapid r$1.~a.S..e <:if t:he ·w.q_ter vapor.. ·No :cr:acks· ,· 
-·w:~re: ·re_:ad,Y for'.· re·s_is-tahce .. me.a.:surement.s:. 
'-
:ELEC-TR1CAL. RESI.STANCE· MEASUREMENTS ... · .. - . ' . . ' . - .· ... ·. ·,. .. . . ' -
. ' . ' . ' . -
.T.he: elec-tric.al resist·ance meas.urement·s· w::er·e. :d·ir-.:~~t. ·.cu.:rr:ent 
}\.ll me·a.s:urement:.s . . '• -
. . . . 
. 
·t:·he·se. mea$:uor~:emeh:ts sh.owed v_ery ·good agr,eerne.nt when. test:e.d a.g,ain-s·t 
other a.hm~m.eters· an·d -also knowti res{s-t.ances. . . . - . . . . . . . ,· . . ' . . . . . . . . ' . . . . 
. 
. 
·the f-1<?,t. en:cls ·of ·the c:_y.li:r1dr..ical _sp.~c.imens were p·ai;:n·t.ed with .. :~ 
:,silv·er electric.al :conducting ·paint. l'h·e condu.c.tirig· p·aiht., 
supplied by D~Pont: . -de N·emour_sf and ·Comparty ,.· .Wilmington,- ·D:elaw9r.~-,,. 
· was DuPor1:t 1 s e.lec.tro:nic: sil\zer pr·ep_arati.on: rtumb,er 4817 .• . 
I. 
.. ·:· 
; ·c,efmp.0$.:i.tioJJ design.e~: ·to: dry at· ·room terriperatu·res :withi·h·- 2·4· :ho:u-r$ 
:or· .. by h:eat.tng be:tween 75.0 c'. .ant:l 100°c· for 50 to· 60 :roinu.tes·:. The 
room temp·era.t.ure- 24 · ho.u:r:· r.nethod o:f dtying .was chos-~n as- it' :was 
. ;;. 
·,. 
. ..
' ,·. 
• 
\. 
' 
. ·~·'.'·. 
} 
--- --
-- -- ~ --
. . ~ .,. 
. ...,.:·~-
~ 
" 
., 
t . 
• . 
bg'a:t:ing·. ·The :Pat·n·t: wa'-s- ap,pl~- to the ends simply by b_ru.sl1~ 
in:g it. on· :with a rnod:e~~l.er '· s_ paint·· brush"-· :Before ch~f.n:L-ca-1 
•• ltna\ysis, the p_a:Lnt. was· ·removed fro:m ·th-e, _sp:e.cimen ·enos by 
CHEMICAL :.Al\J-ALYSI.S· ·· 
Due to ·th·e s·usp~ct--e.d li.thium Jo·s-.s ··meri:tionecl ·-~ar'l±er', -i.t 
\~las nec-e$sa.ry t:o a·nclly,z.e ·the: specimens for lithium_ s·o: .as. to 
, 
A. ':fla:m-e_ ~-p,ec·tr"<5photometer was used ;fo·r· the ana.1y·s1·s :as t:hi.s 
J)6 
:inetho·d. J),. t1'1e only on,·e w.b::L.ch ean g·j_-ye :ac,curate d~_terrrtinatiqps· 
in t:h:e lithium_ rangE=-S co.-ns·idered. -'I}re· sin,terea:;;eci_mens wer:e 
,_br .. dken -up ·an:d: ·c_r:us:hecl in order t.o _get the :resu_lting powder.$. :in~ 
to .9-n .aqueou·s. :s-o.1.ut;ion r-e:quired fc;Yr 'f'larne pho-torn~try. N.o 
·' 
at't.empts ·w·ere made- to· det.ermin~· the ·:c.obalt +-3. ion :c.ortceni:r9-t:io·n.s 
+}2: .:Lon .c·onceritrat.:Lon:s ·because no: .f-actor.s. _ ·wer<e· .sus·pectecl .:of .con-
-d,e~toni-zJ~d wa.t.er _w:t·t:b,._ .a.-p_.prox.imately 10. ml.- :o:f-· concentr·a~e.d 'H2so4• 
·bitfso-3:.uti_on- ~ient v·e_ry s!owly c1:nct.· wa.~3" -ac.co·mp-J;i-$he.d. ·o,nly :with 
"J 
~\.I. \ :pr.<Jl.Q.ng.e_d: he,a·_ting. The .stan·dard .1-ithium. solutio.n:s for ·th:e ',' '. . . . . .· ' . ' . . - . . .. - . . . . 
.. :· .· -
. 
, 
. 
. 
·p-hQto.m~try were made w_ith Li 2co3 __ also dissolved .-in. concentr·at·ea; 
. 
~ 
. -~· a· .Sf}.·_·--and Wcft·er--··caeioniz:ed.). Al_.th_• _oug-_h ,HCi is r·~co.rrimend:ed i:r1. 2 4 .. · - .. .. · 
'texts .. o·n f·~atne photo11re:tr·y:· (i.6 )· for u.se ·in Ii·th:Lum d:e··terrninat:iori:s 
.. 
. .... 
-~ 
'.\ 
\ 
• 
-~· 
_ ___, . .. 1.7 
'"' ~ --
.(f-or both sampl_es an·d s't~anda:rds}, :Lt· 'wa-.s. :r-epo_pt;:e..a.. ·'.;(.1,7) ~t"h·a t· 
-.H:2so 4 produces· mo_re_ -s-tabl·e· s:tanc;lc1r·c:ls:' a'n-d: more: r-e_:p·po.-cluciib]~_e 
_result,s than doe:s HC.1-. . . ... 
l·t. was reporte·d:· (1·s) ·that- th:e. -·pt'e,_setice .of coba.1:t __ : 19n$ in. 
·the, ~queo.us. --te.:s't ~o·I.11ti.o:n had; -~-- ,ct:etrirnehtai ef,f e.ct o:n -the 
.1±-tpium det:ermirta·tion an-cl. r est.fltect·· in higher: :.Ii th:i. um :co:nc en-. 
.. 
·- trat-:ion ,r'ead:ings t.ha·n :wer.e ,a.c·tµc3.i1.y ·pr':es:ertt -in.: tJ1:e· so:lu·tiQn-.. (: .. 
;, . 
·~ cr_ea:si_ng co·batl: ¢on.t.ents p·roduc~d- increas-:ed rea·di:ngs fo.r ·ttie: I . 
. -
1-ithi.um_ -e2.oncentrat_ion._ Attempts to c'alibr·a:te tn.~, increa·se .s:o 
becg.u:s_e t-he maghittrcie o-f ·the ef:f:ect .was v·er,y· erra_ti_c and.- no.t 
rep.r'O·.QiJCib,lt3 from te$t to tes-t . 
. In ord_er to -allev·iate th·e prq.bl,em p:o·s·ed, by t-ne .ct).ba:It,: tll.e 
. 
t-he Qatho_des at- ·.be.twe_en: 2- and -4- _c3JJ1peres· ·for- a: l?erto.d .of'· ap::i;:>.tox~ 
.,imatelS' 15 .hours,. ·FQ_j,.}Q.Wlh,g i:hE} Cobalt remQVi3.,l the soluti.onS· ' 
:w::ere ::fi-lte:red to remo·ve _any- rnerc.tJ._:t'y -w_hi.ctt h(:3.ppened to b:e. ,~Ir,awn. 
. - ... .. .. . -· . ·- .•. .,._ - ····-' 
--· ........ ----·--~-------·--'-',·-~·.---. ·'"· ·-·, .-.· -· -··· -· -~ 
· · 'l'he act·ual. li_thiurrt ·dete·rnungt,ion,s-: we_:r.e· :P~rf:·or:med. on. a 
I 
Bec'kmc:1:n flame. photometer., ·model DU_. _The_: ·ti:ni t ·wa_.s: :o:p e_r:at.ed :usi-rtg . .. 
-th:e standarc:l ·w··av-e.Length. fot:i· .iithiurn of 5·70. 8- mu wi:th a s.l!t: 
wi·ctth .betw_een ·o .• CJ15 a.no ·o.-. :a 3d -~-- -An oxyg~n~-hyor·ag_ert flam.e . w~~ - - - --- ~ ------ --·- -- ''" .. 
- . 
.. 
u:sed- 'fo:r· all ·te·sting. .. 
'-
· 1.' 
..., 
.... 
~-
' .,
.. 
..(·· 
.···- . 
. .. 
· .. 
. _1\.s '.a: cn~c1< .. on the c.r_yst.al. s:t_ructuor~-e, ::o,f · t:he· test ea: _s_,p:ec±rn.~:rr-s, 
·' 
- . . . 
. pcYwde.r·. o~f f.rac-t.i.ot1 ·patt·er'n·s: .were· ·made· :f·r·orn a number of th:e: 
·.· .sp.e·c:im~-;rJ;; ._ :The· -p:at··tei:ins wer·~ )nade-: ,o-r1 ·a :Phillips u.ni.?t wi·th. ~JJ 
:iron ·tube .-o:p:e-r.a ti'ng· .at 40 ·tv and l·O ·Jna. All of ·t·he p.atter.rts 
:c.o-nf·o.rmed to the: d.e·sir·ed r·oc-k~salt lik.:e Coo structure. ••,, • • ," • ••" • . . ' • . • •'' • ·,,· •"c • The·. :-,..• 
p-ec;3:ts. :w~-re Shifted to: ;sii·ghtly .lar.·ge"f\ ·va1.tlE$S .of 29-, as e·x:pec·t-.ect.;. 
;:pec-ause: .of ··t]J:e $fna·1.1·e:b- d~:.spac.ings p;r:CjdU:c-ed by· the presence: oJ 
Tlle: singl·e: pha":s e. ro·o.-:K-· s.al.:t. :co·o st:r-:uc·t11:r:e:· :to.r ·the .c.omp.o 9:~1;-:. . . . 
-· 
tidns stµQied .is prohab}y a high,..i.emperature fOrrn, For the 
L·i Co.( 1: .· .).0 ·.sy.s:t~ht it. w .. as fo .. un:d. ·(l.9) tlia·t· wi.th EtqU.i.libriu:m qooi.;.. X .. ·--·,X··· . ·.· .. . ·.. . ...... ' . . . . . . . . 
. .,_ 
in~ .a two _ph.a.se: s·trL1cture of co·o and LiCo0·_2 .w.a:s ·p:roduced a .. t 
r·o .. o:m_,·ternpe:ra.tur.e in the lithium .compb.sit±on9 of intere ..s:t. How.~ / 
e-V:er·,: :t:h:e _high temperature $-'in_gle: phas-e ~c~J"o· ~truc·t.ut~e· was· 
·ea·si.ly: p:r·o¢iuc.ed and: r.et:·ai-r:i:ed- at, r.oortt t.emper.a·ture ·.bY more :r.'a-p.:Ld 
., 
'· 
:. ~· 
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E.~SULTS AND DISCUS·S.I.QN 
.'.Th.e· re:su.lt$_. -of ·t.he: elec i.:rical resi·sti-vity measur·.ementis 
and_ t.he e?(perirnentally d'et~rrnineo. ch.emical CQJnpo_s_i:tioris f.o;r 
a]Ll s·:pe.cim:ens are listed in tab_ular form i·n· th~- ·T·able of Dqta • 
.7-Us·o given- :i_n_ this Table.,- f:o~ ~ac:1-1 .. sp.ec-i·rrien., .c;ir.e-· th·e no.minal 
Qhemical compo.s:iticYns (·mo:le ratios) ~:t"n'Cl the- exper·i·nterttaliy· · 
determined ·~:tthium to c=obal.t ra.:t;:i·o:s. 
·, 
·LI:THIUM. L.08-S= FI~.OM SPEC.IMENS . . . . . . . . . ' . . . . . 
From tlle e.xp-eri:mentai:l:Y d .. etermi:hed: 1·ithittJn; .ct)m-p:d.s'i ti_o:r1s 
:(:Table of :Pa.ta) it cah .. b .. e s~:e:r1: 't:hat :a1·1 th~- s·p-ecimens t·estecl 
:e-xper:ienceo. an a:pp·r .. ecia:bl$ loss of lithium -from t:he- t±m'.e. the,· 
p.owd·e.rs w-~re. ·initi.ally wei_·ghed .out to the -t-irne of the ·elec·tr.:ic-al 
re_s:istq.nqe mea.su:remen·t's:~: Th:e atnotint qf. i-ithiutn l·os:-t·~_-by rno:st· 
7
",;-~ 
sp·ecime·ns, ·w.as ·.s1·ightly ,·mor·e t:qan a third :of- t'h:e .origina:l :a.mount: 
w:eig.h·ed, pl1t-: a f-·.ew sp·ecim~ns- (sa.rnpl.es ·17.> :18, at1d 2-4) .lQ~t _more 
t·h·an one-na.l_f ·.of their- o;r::iginal 1·i~thi.qm. content_. ·The ·bes·t 
' . . . . . . 
1'it·hiqrn retentiqn w~s py spec:irtten 3 wi:tn o.ve.:t'' 7·3% of ·th:e o:rigi.rtal. 
1·:i.thium· r·ernaining. No ·e:D<piar1-a:tio·n. for· th·e, los::se:s carr. be. off.ere.d 
.,. 
.• 
_o·th·er tha.rt. to· :a:ttri·bµte- them: -m.a·inl:y tq t;he: s:us_·pected ·dec·r~pita--· 
:y 
__ ~i_on of the L~C Q3-YQQTJ. _QE;l~tiJ1g, kCL llQil~C du!'3.µg tfl.~:fi:ei,ng- ::-- "'--::--.:' =-'":" _:_;_ · · 
. 
. . 
.. ----- ~--·--~--·>·_ .. ---~-~-Gp-e-P-aA~-ie-R~.---"-----'±'he--·-~xplariatiOb ·o·f V .. e·rwey ( $ee ·:a,b:o:ve discussion 
under Expet'imental :r?rocedu_re) for th·e ;Loss·- ·b.a-sed on the va·por· ·,. 
· :Pres~\1:t\~. o.f L:i_2_o .can- n·ot :Pe ·a.c:c~·e.p:t:-ed a·~- tl\e· answ:er in tqe. 1.i.ght 
=of t:he mo.re ·recent wo~k on the v~por pre$·sµr.e-- of ~i 2? by.- B:er1<.o~ •... 
•. - --~·~- ~ = -- ···r· ····---:,-- .., .. ,
.,•i 
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., ·Fu:r.·ther· :ex.atnina.,t.io:-h. of th~ c.:hemic.'.a.li .ana'.l.:y.s-es: . s·how:s .. f:ov 
a s-er.ie:.s. wj:tr1 co11.$·ta·h·t ·homi.nal l'ithium ··to ··q,qb.c~rlt-' .ra:tio S :c:sµql\: 
' 
' 
' as: spec.~rnens 21·: throu.gh ·24)·· tha.t incr:easing. tl·te ... rnag.ne:s:it1m ,,c'.on~ 
. 
~ 
. t·ent :promo.-te.s i-ncr,ea:s.e:ct J.±.thium lo.~tses .. .$:arnp·le:: 21, w·:ith ·a 
mol.e· I'-c"?-:tiCY ,(norrtLna:i): of .s. :;:2 :,:Q ·reta:Lned Si·e:.5% o.f. ·its. ·or-iginal 
li·thium c·onten.t. while s·~mpl-e :24, ·with. :c1 .. moJ..e; ra.t.io. (nominal.:) 
:o:t-· 8:.2-:3:, r·:et.ai:_rted :on."+.Y 49.3%. :of it .. s: .~Jr{gt·nal li:.thium:-. N·o ex~ 
pla.;h:a'tiqn c·an be: give-n ·:£..op ttre .. ma:grtes·i,1.1m. ef:f e.ot ott. the ·1ithium 
los:s. 
. . ... ' . 
REPRODUCIBJJ'.i'ITY Of· :c:HEMICAL COMPOS:ITIQ:N · 
. , 
"it c.9-tr be. :seen ·that: th;~·: _r,e_pro.cluc:ibii:Lty 'Of chemic::a.l. c9:mpos:i=t·i·(,-n.s 
.... 
f.r.oJn- -one ·_spec.imen, to,.·tne n.ext w:i·th ·the ·~ame .nominal. o.r ·as:-w~ighed ~ 
cbmpQ:$-i.tion .i.s: :hot ·v~ry g0o_d •. AfthC}U·gh Q.ll:Pli:C\3:tes .o.f a..ll :of_ t:he 
.'c:_o_mpos:i·ti·br1s w::ere .att~_mpt::eci, only· .a. few spec:imens ·show.·eo v:erSi 
cio,se reproa·ucti.o.n ·q~, th~- =c·ltemi.c:.-al cJ91µp·os:i;tio.hs> ':h~mel)1 · :tn:e< 
·9: i :. o· ·' ?:, 9: 1: 1_-r: :s ~ ·an·d. :g tJ·:. 3.: 1 s·: .(no.tnina~ ,des·:L:gna-·t±o.ns be,ing u;s e:d:} .. . . 
. .. 
.. . 
. 
,magf.1e·$d~:t1m .cottteh'ts:, th·e amoutft: ,,o.f lithium loss- ·is unp·r:ed:icta-bl:f2· 
~' 
;; u:s·i·ng :t·h.e rnethtJ"ds: 'C)f spec:i,rnen prepar·ation employed in th:i:_s :in-
'-.· > • " •.• •- H'." :•• • • • • 
- :· .• -.~"'' -····: -~-- ..... ~-:-; -·-··- --- •.• --·.-. •'-* ..... ,-~·<c: -·-··-- ··------- ---::-·---- - --
.,.-----------~----.:'.----··..;.-~-----.".~-----· ----··-- ·- - -----~-- __ ,. __ , ---:·· _____ , ____ ._ . - ··-·-··;:~ ·- -· - • - ... 
.. 
·,-. t .- ·t··. . f .. :,··t·'h ·tl--.~ . +-~·· .. ;..:l .... ·+-·· . · . .. . . . . :i.,._ . 
· · .. 
. .. ., ·- _.. ~~ s.-~~J.g.a __ , __ iotf.: ....... .. v.vJ~- ·: .. _,, . -~~:~---~m@b!·1G-u----:~J:GHlfiB.-~l--cl:EJRS--·are-'-ve~~mt:tc11 -a-,.------ -,,---c,--:-.· ---.. ·· --. - · ..,..-.-,.-. ------··-
.•· ,. 
ma.tt.:er· ·of· 'hi·t. :ati.d· .m_i.s:.s: and the pro·blem~ c·an only. :b·? t:ol~rate'.d :Lf 
a; ver:Y ·1arg~ ·nu"tnbe-r. :o·f 'SP.~(2:im~rts -are :pr~pa.r.J~d:.,: 'ihcrea.·s:irig· tl1e.:= •• • - • ft 
-
• • 
• 
l. I~f·o:babiJ.it-y o_f.- ·obtaint·n:g a .. ct.e,si11:e9 ·compos.ition. ..It .;Ls: po.s;sib1e 
··'t:hat~ th.e pro-b'lem. o.f .1:$·tnium ·10:ss, (.an.d 11.~_nc:.e· c:omp·6·:·si.t~:ion.· :re-· 
I.' ,, •I>:. ..,,. •'·· ~: . 
.! . 
. . 
·: --~ 
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·21 
:,oi:d :·H:ei.k·es and' Johnsto_n)• :fn-s,t.e~·d: of 'Li 2co 3· , pre:ven:t·ing···.: :the t . . _ .... 
-
.d.ec·repitation of Li 2C}0_:_3 and: eii.minating the ~:iring treatment 
'.b·efore ~intering • 
.. 
ELECTRICAL ·R.Bs·.r·s:TIV.ITY' . ' ' . . . -. 
. . . ; .. 
• ,iu, 
" 
-0-% Magne:sium~The -Li Co:(1._. .)· 0 S:yst-~m -··- -·- - - · -- -x· -,_ ··-x 
E:t,gure: l sho\~is· t:n~ re.lat·ionship of the -.elec-tric$l r·_es.is-
tivit-y as: a- fJ1nt{ti:on o:f. ·the- li._thium .cor.it·ent fo.r :s,arnpl .. e:s ~ co.ntain----
ing ·no mag-n-e..sium.- The·s,e. data sho:w: ·9,: tr'-:end o-t· .increas.'.ing re·s-i.s·-
t·i·vi ty vtith iricre~s::i~.ng -li thi·um conten·:t in the c·omp.o.s,i.tion. range-
e,x:a.min·ed. T·he only ·o-ther data av~i-lgble in the :i-it,e·rat.ur·e ·t·or, 
-presseq po_wd.er ,sintered \;ecimens of the LixCci(I-x)O system, in 
. ~ ; 
. ~ 
. 
. . .. 
. Th,e.-ir- dat:q.- :Ls ,also: :sho.wn- in .Fi,gur_e· .1 f:or· ·comparison. -CVerwey; 
and: fizL_,s wo:rkers ne.v--er· e)<c_eedeti Ii th·iu~ cornpo.s·i t.io:rts o·f 1 'ino·ie_: ·% 
1ith·ium._) 
·~ 
It- .can __ .be. ·se.·en. tha:t tllrc).ugh.out. the ·rithitim -comp•o_s::L·ti<)n 
:r:eg·i·on :in:vestigB.t:ec;l t:he. re's:ist,i~vi.:t:i\;:S :of this- pr.e$ent: work a:re 
.c-c)ns-is-tently .iow.e.r·- -tha·n. thos.e:, of H'.~ites a.nd 'Johnston.. This: ·---
.• 
-.•. 
=r.esult :i$ :at.tri:bti'ted to :diff-ere·nces .in t:h·e sin·ter:i.:n:g ope.rations . 
. 
·of :the two· ·investigations_. "'--. The specimens of Heikes an·a Johnsto·n; 
,, ___ -- ---'- -~ .,_ ~~ ··- ------.---... :---·--'"·-----· ·. . •, 
--··-~ -·--·-· -----·--·······- - ----------·----:·-------------·-·--_ ··w_· ere~s~2•--. nter_ ·:e---d .. · _,::in--_-a _____ c_·-·1·-.0-.-s· .... e-.:_d_- ·c-_on.t--a·· ·1·· n-er.'. --a-_--t·----. - --9·---o--o-. _.0.·c. ··w-h. -1·· 1._.e_-- -t· -_h·_--_-_e.. . . ct· . . pre§_ S~"--~-~---------c ~---,-,--- ____ _ 
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samp.les .o-f t:h_is. presen.t: investigatio_n were. sin~·ered in the 
a:tinospner~ a.t· 110·0°·c·. The higher s';int_ering_ ternper_\·a.tll~".e pr.tJcitfc.es 
· a.n inGr.eased: ,degree Qf: sinterir1g· and hence _.higher ·-densi.ty-· r.estilt-...:· 
-, 
t 
·ihg: :-zi~n lower re·:sis:ti vj/t:-:L-es: at the sam_e .lithium c~J~ppsi-tio·n·S:. 
',, 
I• 
.. ·. ---_,:_~ . 
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. .~'_, ... -..... , .. __ .. . ....... ' 
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lreik-e·s and Johnsto.n; g9vce, no it1f·o·r.mcLtio:n ~:bo·.µt_. -:t;:h:e 'pr:e:s·sing 
_i' •• 
pr:e.ss1.1r es used _:Ln t:h:eir· w:orl<-. 
-
, Th.e dat-a · o:f· He$ke:_s. and :Jo.hns:ton -:s-how ·the resist·ivi·t_y 
, d·ectease·s_. wit:h: -:ia1c.r·easing· l:ithium c·ompos:L tion·· o·u_t to A' 
appro--ximatel·y :9 .mq:l~ % lithium ·where a minimt1m. is rea-ched .. / 
2.2·: 
resisti-vity wtt_h_ ,f.lJrth.et 1-i:t.hium a~i'd_-i=tio:ns.. Th·e·· dat.a from· th~; ,.. 
-~ 
indica.te a stea.dy ·rise :from _app:.roxi,viately· s:o:o ohrn~:cm at ·5 .. s:%: 
{1thium to the vicinity of 4000 ohm-cm aro1.1.11d. 12% lithium: The 
is ·also -at-tr,ibu.ted to th.e: :diff.e:r:ences. :tn. tb-~: si-nte:ring pro.c.e·dµ:r~,$: 
-~ 
O·f_ t:he two i,nV8·$tigat.ions. It .is· .felt t.-hat --t-J:le high.er s-i.nte_rin_g 
. '\ i:t_i· et,: ( f-o~. g. g,iv.~n l.i thium cont-ent) ,_ bµt may- also ha\1.:e. shifted; 
the ent:ire pc1t_tetn :shown: :by Fleikes <:tnq_ :0o·hnstot1 to the l·eft_ 
·· .(lt)wer .. 1i·thi11m, :com_posi_tion). Th.e •. min_imµm £.or: the L.i __ x· C:o_c·-1_ .>x·)· .. 0 . : . · .. ·- .·· 
. . ' .. ' 
sys·tem is then. expeC2·ted to app·:ear a·t' ~ .low:er .. 1-ithium c'c)mpos·itio.rt. 
,'iitit:h this· .m~tl1o,d .o:t :pr-e:p.,af at.:io:n. ·Howe\1 er\ rnor e data of t·hi s typ.e· 
-, 
,; 
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·;,, ... ·· . EFFECTS OF MAGi't:ESI,UM ON RESISTIVITY 
"'-:c>"f th·e L_ixCo (l-x)o sys-.tem q~-n· p~. det-e.c·te:d, by -examin~ng. the 
b,e_naviov o·f .:constant li t-hium/.co:balt' ratio~s- .and :constan.t li:thium 
.· ~. 
· cornpqs;i-tiox1s wi-th ·var.._yi-ng· ma.gn-esi:urn, c·once.n:tratio·n-,s .. '· 
. I, 
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:·A:t ·first g:Iance at the r.esisti·vi~y .data :it:- ap:p=·ea.-r'e'd that 
tlTEt: 9:·1 ser.ies :of specimens ·1 thr.oug_h 4 and 8:.2 .ser·ie$, 
$pec:Lmens· J-7 ,through 20, s·ho:wed th~redr'cted vari·at-~·qn. -of 
.re-·s::i·s·ti.vit=y- -behavi.or, :t>u-t the chemic·al determina:tions: sno~ied ~ . k'=" , • 
),. 
. 
t-hat the- li·t.hium/cobaJ-t ratio di.d not :re·ma.in c_o'nstan·t tnro1}gh-: 
... 
.. 
· .. ·-· 
. 
I.. 
-
• 
" 
·out eith-.er of the serie_s. ... B.ecat1-s:~ .each norrµnaI · .se·ri.es teste-d 
'j '. ·~ .. 
.experi·~nc .. ed a va.riation in· th.e amount: of lithiurri' loss front . . .. ' . - '. . . . '.· -. . ' . . . . . .- . -·.. . ' • .. ' ... 
I :s];>"ecimen to ·,spe.c.·i·me.n :in ·the,.· ser::Le$, it ,w.~s not:: _po·s s·t·b1:e t·o k.eep 
=gated se:ries:. =J-Ibw$.ver·, a.s c·a.r}. be se:en frqm the .la.st· qo·lumn ·o·f: 
.• lithiu·m/o;obalt r~tios ,whi·ch f<;3.-ll. rather closely i-n~o, t:h~ fo:·ur. 
rat.ios· ·of· 0·.07·,:·0.·0B, 0.:12·, and. 0.14 litni.um/coba.l_t:. 
:r 
., 
{obJn-cm): -vs rhagn.e·=$il;m ·content for th.e: ~it:h.ium_/cobcJ_l t rat·io of 
' ::~·-'-t-·'-:......_ . 1 o • .01. :Ferr this ratio th,? specific r_eSistance shows a tendency 
to .iricrea_.$,e w.i.th .mag·ne.sium additi,or;1s up: "'~o. t:1ear·1y 20: .rn_ole % 
:wh.ert~ :it beg·ins···· tq. level .a.ff., This- ratio gave ... rto i:ndic·ation 
:of .a ·minimum ·in. resisti·\.ti.:ty w:;Ltlt :magnesi_uJn addition.$ :as 
-:pr e .9-i'·9 t e 9- . _ q.J)Q v~e. ... _ _ c·- _ -··---~ ' . ·-----···----··- -------
---
: .. _ .. --~-· -··-· .··-· • .i.;..:..,· .• ;:: ... -. --,· · . .,.·•·.-
-
- . -- ~- •., . -- . "_,_ ___ ----~- '-~·-···~··-- . 
- Figurfe·- ·3· shc)w:s· the same: relationship. ·as: :·F'i·gure. 2 ·£,or the 
'li.thium/co.balt ratio: of 0.08. · At this. ratio the: ~e.$istivity 
undergoes a · steady r::i.se ft~oni 0%· rnagne=s.ium -to approximately 
· .17 =m.ole % magneSi:um=. ·wowev.er, linlike. the ·o .0.7 :r·a·t:t.o· .. ,. ·J>e;yond 
1·_.1% .. magn~si.um_· :a sudden dfbp in .:rte.s.·isit:ivit_y· is. ·e-nc,oµ:rit:e;rfed ·fr<)m 
·.i 
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24 
1·4.,500 ohJn-·cm a·t i7% down to 1:0.0(l. ohm-cm at 18 .• B )tldlEl %. 
. 
magnesium, with the 9r·d~r ~f .rnagn:i tude decre.q1/se: octrurr$ng'. 
-
·:ov·e.r ~ ra.nge: of ·roughly ·o~nly .2· :mo:l:E1 %. magnesi.un}. ·The :18::.·8 .. %: 
magnesium a·ddition proc.lu:ced· t:he· .same· re.si:stiv:Lty ·as. ac·hie.v·ed ., ' ' ' 
.. 
·w.:i·th 0% magnesium .. at .. the same. r·atiQ .. 
,. 
.. imately 20. mole % m·ag.nesd.um b·eyond ·which i_..t b.-egi.tts ·to ·1.ev.el. of.f. 
NC) in·dic·.a.tions of·· a .. mintLmurn .are given. 
.. 
.. 
··$µffici.ent ·datq q.re. · no:t c?,V~:ilabl:e. t.o· ,p:r-·ep.ar.e· .a cqmpJ.~ete. ·, 
·:plot for the 0.14 ·1i.tJ1ium/cob~l.t rati,o·. ·How.ev:er, f}peci.mens. 
r--1.7 .and .18 a:re s:uff·icien·t. ·to shqw th9-t tn·e .r·e.sis·t:ivitS1 .1J.hder:wet1:t.~1 
·at 0:.% rnag.nes·ium ( sa.rnple l 7) tl1e J""=es·is:·tivity.· d.r:op'.p:ed ,o.:f f to 2100 
ohm~ cm a.t 9 .. 9 .mole· ,%. magn.e,~rium ( sarp.:p'le 1:8) :e 
/ 
. AJ·l the ma.grre$·iu:m corripositio.ns fcJr th~ t.og.r-· rat:~·p.s examin•eo 
',•, ;•:: 
f eil :t.nto. the· approximate ·percent·age:s of .10,., 18:,. and 2~5 mo.le % 
· t':esistivity behavior· i..s unknown.:. ·Por the ·tw.o rati.os which in-
,•: .. 
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·a±c:·ate that .resistivity minima e.xist .(O'. dB ·a.nd O .14} the wide . 
.~ 
-- . -
__..._.. ... ---· - .. - --- -·· - __ , __ - -------~ 
._______ . -- .. . - . ---
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-gap·s P.revent the c9mpositions of tlle actu:al. minima ·f.rqm being 
.. :knowr\.. It .. is possible tha:t .f·u·rther ·Jnagrres:i.t1rn add.itions: .to. t~e; 
·o •. o:s: ratio may force ·the resisti·vi.·ty ·sti:11 low.er with the rrdnirhµr-n . / 
oc:curring beyond: 20%·: .. Likewise, .for ·the O .14 ·.r.a.t:io, the· rnini.rrn.im , • 
- -.'.- --- I __ ,:_ -- - -~-'-;: .. •~ 
···may o.ccu:r beforJ~ or after the 9. 9.%· ·magnesium comp·os.ition.. :with ~ 
/. 
'•~,I,•._"!. 
" 
I 
( 
, 
l 
I, 
.. 
, this point being on the upswing --or downswing of ·the m.ini·murn 
.f·or whichever possibiiity hol_d-s·.· The large g·ap.s in th,e ma_g-n~::sium 
cont:ent·s. ·al:sQ pr.E:_,ve.nt· the. c-.ornpl et.e- .be,havior ·of_ -the· O. 0-7 ·aJ1c;i: O .12 
, 
tb~:- ra'nge of, tn·e: lithi,um. _cornpos.it:i.9r1s examined if a ratio :ha_s 
_a minimum it· will. ·o:ccur' ~t low,er· :ma:gnesiurh compo:sit::iotrs· the 
wi.tt.l magnesium additio·n_s, it-. is po·s.:s~bl'e: to :predict whe:r\e they-- ·, '.J; 
. 
wi_ll occur , :l·n the lith1:1Jm c;:tompo s±tton·· r-ange in,vestig ated ~: 'On 
i,:,,.~-. 
... magnesi·um·. The gap-s in the. da·ta :be·-tween :20% ,and 2s·% :and ~t . 
• 
·ma.gnes'i.um ·¢o~p.os:ition$ hig .. h.er th·an . 25%: do not r.ul-e_ this out·. 
)Uso-, the ·e)<:i:sting gap_s. in .the: data: fo_r· the 0 .• 1.2 r·,rt:io -do ':not-
:e.liminq:te tb.e i,o ssib:Lli t·y of a: minimum exi:s·tin-g j:ust .b~for e ~9% 
- c--or1stant Lithium Comp·o·s:ition. 
.. 
. ( 
:p)9r.hap:s the .. ma9Tl·e:.sium effect ,can be more- o.r·a·matiQa··lly seen 
- - ---~·:_·-~---------·-. ~-:, ... ~· ..... · .. ; .· .... 
. . . - . 
- . - . . . - . ··... ... . .. . . ·::· ..... :·:-·~·-------- ····- .... ----c-c---. -·-,-~----,.--~-_:-· . . . . . . . . . -···-- -- --· --··· - · ___ _:_~::--.·---~---,:·-_:·-:··--.---~7 --ISy·::·.-exami:n·irrg-··,·tne:-_-··r-e·s-i·.st·ivi:ty .beha vi·or with con,stant_:_'J~it.bium .:_ ._ -· -· ..... -~- .····· -------.-- -~- . ... ···--· - -- ............ " • .; ..... -- .- -------~ •.. ' - --~-... .;;. ·-· ---.s-: .. -----.-··-" 
-· ... ,. ··-- -- ·--
- . - ~' --···--·~ - . ·-· _.. 
. ·--~-~--··· .... -····- -···. -- --·-··. ---···-· --·-·· 
-. 
-~ 
cc)mpo·sitiohs of varying magnesiµm. content. From the sp.~c.imen·s. 
te:sted it i·s= possible: to: ·examine- lith:ilim. compositi.ons .qf. app:ro·-x--~ 
imate_:Ly- 5·_.Q mol .. e -% a:nd: 11·.:5 mole) % 'lithium,: wn-ich :1>ro.ve q1.xi:te-
"·. ·meantn:gfu·1. :figure S shows t}:le reiat·ionship ·of e.1-ec-trica_l :r,esi-~-
1 ~ 
·ti~ity ve_r.su:s. mol·e % ma~nesiurn. _for· :the: approximate co·rnp.~sit·io.-n 
.' 
:ri.: 
I 
! 
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I 
._, ... 
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/ 
. '-.. 
:.·'!. 
. . 
. o··:f ::5·:.o ::rnol.e. %. lithium:~. .trbe. ·re·sist·i,vtty e·~:pt~riences a. slJQX'P· . . .. 
" tivt·t.y.. F:r·orn ·a vc3lue· of 4:,4.50 ·ql)rn:-crn. at· ·tJ% magnesium the re.st.s:~ 
-. 
- t:ivJty drops t·o 210·0 ohm~.:om at '.9 .. Sl ntol·e % magnesium . 
... 
. , . . 
'. 
-~-
. 
. Because o.f t·he- .l·a}~'ge. g·aps. between ·magnesium cQrrtposit:i.O:ns, ' . 
-
. 
.. . 
as· with the .cd:hstc;i11t J ... it.h·ium/(:oba) .. t r:aJ:i-cJs .di$c.t1ssed a·b.ov·e.; it 
b.·eJ\a:v.ic)r: fo:r the 6 .0·% :·9n..:ct.· 11.$% lit·hi:,1.,1m. c.ompos'i.~i:ons; ~ P.t1t·ther.: 
·t·i.vi·ty· tq s.'till lowe_r values and. perlJap s ·ptioduce. ~ trtinirnu1n .. 
A.1.:s·o::, :f.'urther magnes':i~um clQ..c}it·.i,ons may prodttce ·s.t±Il. 1.ower· re:.sis·-
c:omp.osi tions e.x.ami:rted: ·~ 
--------·----·-·---·-······ 
- --------~-.-
-
- ---- -----~---- ·---- - __ _. __ . 
• "f, ,.., ,:,, 
·.rnag·:he:s:ium has: a 'd.e·t·e.~i:.abi.~ -e·ff.Elc:t .. , .. anq ·a large on~, on '.the: 
• 
.. 
. . 
specific: resistqn_ce lipbh addition t.6 th:e. Lix~o(.l-xl sy~t13m. 
~t.l indication o·-:f the magnitude ()f. · t'he ef:fect c.on-sid.er· .-t;h~ d.% 
As.· 
~.. . 
.. 
.·: .... ... , .. .,,_,_ 
·.:,.. 
}. 
J't 
:', ..... 
' -
:·m·a:g·n~:s·i urrt s_i;te,crimerts. ·it{. \qh'i cJ:tt r~· s i s:t::i_v-;i ty ·va:r:iecl ·£ r.om: a_ppr·o·x;_i -
·mately 8.00· olun-C.m- to 450·0 ohm--··cm i.~ the ra·nge: of a.pprox:.imate.·-
01-:y :6% litbi.u.rn... For :the 6 ·mole % 1-ithi·um co.rrt.position-; how---
:27 
-~· 
.e v:e.r, a TJ}c3gn·e sium d-:if f ere nee :of ·onl .. y :2 p·e:t-'.Cent ., f rcim· ·a.ppr()X;t.-
:m·ately 1.7%·. ·:e:o. ·1·9%, prod·uced a ·dec:re.a.$,e: in. resi.s·t·i\iity .,.frQm 
14. ,; s·.oq: 0)1.m:~ cJn: t·o l O,o.o: .. ohm.~ c.m ~ 
the Li1lo (l""'x )0 sys.tern would produce room: temperature condu.ctots 
s\iPe.r·i·o·r to t'.h"<Jse·· of tne u-na.11·oyed. s_.ys'tent, ·the- _:resu·lt·s. of t-he 
·, 
two. se-rie s wi.th cor.tst·ant lithitun corrtposi ti·on$ t_ndic~te that i:t·. 
:rn.ay .be p9ssibl.e t,o· cto. $CY. The .. ·add± t{on o.£· :9 ~- 9% rnqgne··sium· t·:b 
t.: :betiv.e.en .l 7% and +9% ~rn-agne sium t·o the. \ric in·ity· .o.f tn~· l1rtalloye .. d 
\tal.1:i.e.,. ·Becau.se of: tne _s:udd.en ,ct·r·op wit:h.::i.n stJ.ch a· narrow ·.magne:~ 
:s ium: r:.ang:e it. :Ls· s,µ_:_$.p~.cted that f Ur·thet~ mct.gne sium .adct:i.t:iOI1.$ :rrtay.·· 
. . 
" 
,. 
The: effect produc.eci: by tnagn~tsiurn addit±.ons: to ·t'h·e. c·on$]:;tH1t 
i.t·t.hium compo:·si:tioh. se:rie·s.· _i:s attr·.i·butect· t.o a: lo.weri.'ng· of t··he 
.;aoti:v·atian ... e·nerg·y £qr· :e~onduct·ion.. At -or- -r1ear. the ·cri t·ical . 
-
. .- ' . 
. 
.-- .... . ·--- -- .__ -- --~ •. , ...... - -;. ·- ---·: -- -- ---- "" - - .. =- . 
-- -:Ynag.ne s.i.urn-~·comp.os'i·t·i:Gfi . tft'e· . lattice· has· suff·i.ci.ent ma·g.ne s i um-, . 
. irid11c:ed nrelaxationrr to produce lower. res.istivi:ty V:al·ues thq·rt 
.. 
·tho·se ·, of: th.e r1e·ighJ:;,orin;g .magD:es:iti:m .compo·si.t~ons. ~ The drop in . 
.. 
:resi_stiv.i,ty ·~:t: the. f_.a:vo·raltle cornp()si.t±:ons is ~vid.e:noe·d in t:l\e· 
I: 
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re·s.ist._ivity shown by t .. h~ 6_.0·%: l.ith.ium series it· -:appe.-ar··s:,tha_'t: 
·ce·r·t~in :magnesiwn composit-iot1s, rto't near the f-a:vor·ab.le :reg.f:o:n ,. 
• • 
:have· .i;3.·ctve.rse ef.f'e.cts cSn the., ·re:sis-tivity· .. , .. No -e'>(plahat.ibn is . 
~. 
-
. . 
.; ' 
srn.aller ··t}:te number\ .of· carr:iers .. , th·e smal·i.er :t:lJe re-·E;;is·_ti.vit:y· in 
the range exam:i:ned, from 6.4% to 12.7% lithium. From t~is it 
., might ·appear thcrt the- :d:top· i·n res:i$tiv·ity pro.Q.u·ceo 'w.it·h the: magµE=: .... 
sj~u-rn add·itions t .. o a co·n·stant ·lit-:h.ium/cobalt r·atio. xn$,·Y :b·.e due 
. 
. . 
,tio.:rrs alone co-n·t:r:ol.Ied · tne beha-v1o·r,... a·.n:d tb.e .. rnaghe,s·ium· 'h<3.d no 
w·a:rd instead ,d·f the :upw .. ard t.re.nd. :th:at· i.s exhibi te·d ... ..Likewis·e: . . . . . . . .. _, 
·the: r:es:.i.st:iv-ity for·· the: ·o· .-0:7 a,nd D !.12 lithiurn/co.bal.t :r<:1ti.os _ 
---. - ----· -· .... -··.·,·--·-·· ·····;·- .... ·•···· --~.,--
__ , __ .. , •' -~- ·-·. -----· ···-- ---· . .--,., .. •-· -----~-·--··-· -- ..... -
-·-----· ----- . .. ....... 
---- --···-··-----·· ---- .. -· .......... -
- ·----··-·· ---- ~ Al:so·., the re-·sistivity value prod:uce·d. by t_he 9 i9% ·ma,g-nes·ium 
,qdd·ition to· the O .·14 rc~Jtio is lo.wer ·thaJ} the app'.roximai:e .. iith'itirtl 
:composit.i-on· wit·h :no. m~g:nes··ill'in, ind:t-catir1g_ ... an -e.ffect· h.ot litliiurn 
-c6-ritroll·ed· .~ :pirtai'ly, t:he: .result·s ··_:trom-t:h~ p.on.st.ant .lithium ,. 
'> 
, .• l• ,;; 
compos_t·t_i:ons f:urthe:r stre:n.:gthe.:n .. the ar-g·µ.rne.:nt that- ·m.ctgriesiµrn-: 
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s:hown b~y, t.11e. :O .• oa· and .o ~. i4: :rC?-t.i'<:YS are: :felt to :be due to .a favor.~. 
I•, 
··iaxe,q?· .crys:t·al lattice•. 
• 
... 
•.' 
.. \·· 
. 
serv.e·d' <;3S: t,he, .ba,.sis ·£:or. t:rri,$ w.ork.. I:n ra.ct) both. e.·:ffecl~s. a:r·~: 
:predictaple from t'his 1necn.anisrn wit·h ma.g.nes.iUJn ·COTlt'!'ol·l.iI}g :.,: 
r 
,c-ortductiq:n P'X'·O.C,e·s.s.. ·:!f t:he '':hopp"ingn mecha·nism is f·ound., in 
t(ne; fi:t-t·ur.e ,. to. be, inade:qua.t,e for· explairt·in:g· th~- ·conduc·tiort 
... 
~. :cornp·Itcate.d ~ wi.1:1 s.t·i11. b·e ~founo· ttj b·e de:pencle· .. nt on the ela:sti.c: 
J;>r.6J;'.)e:rt .. ie:s ·of. the lat.tic.e .. 
··T_.he ... · .-9l·.··.·.d .d .... i .. t· i.o . -··n ... · .. of ma .. _ .. g· .... nes .. ·· .. i.-u.: .. ·m_· t•·o. ·t.·he, 'L·•·i· :~·o·. · )-0 s.·,y .. ·s.t·em .r ...... e.•.:,-- · · · · · :x ~:. ( 1.~)( ·:: 
d:u.ces· t_he cherni:cal act:iy·ity of the c·oJ?~J~t and: t·he lith·i.l:lm ~nd 
. r.e-act .. itJn.~- Thi,s is de·si.rable bec,au·s:e it en.ab .. les thes:e :mate-rials ... . . . . . . . - .. . . . - . . . . . . _,. . -. . .. . . . . -· . ~. . . - ' . ' . . . ' . ' . . 
. ., 
t:ures and· ·to r.e·,si,st chemic·a:1 .. attac.k ·iJ1· unfa\1o·rable ·rne:dia ... 
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---- · --- ~:.I3··e-t.o.ie· --thes·~ ·inate-r.ials can be. put t:o _p .. I'act·icai us~, th.e .c:._omp.-1.eit:e 
·~ 
,, 
,rnu.:~t be: .. irYve .. st~ig~ted and .u.~der-st,9od .• 
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'RECOMMENDATIONS . FOR FUTURE ·WORK 
B:as:ed o·n· the res11lts obtained from. tht.$· w:ork it is 
.ap.p·g,rent th9'1:· ft1rther ~xperirnental wo:rk is ··required in. t·hr.ee· 
ma·in. areas.. 
'-.... .. 
•' 
.~a·.cti:t:±onal co.rnbina.tions of magnesium and. I.it,hium.,, along··.· w.ith . 
. '-:, . 
·~rt·.anti·ate the pr@:sent work and f.or a :.more c:om·pl.ete unders.t.an¢l.i·ng' 
·tS-f the r.,esi.st:Lv·i:ty.·• beh·a·,;1tor· .of the L·i. Mg.· Co( .. l ... : .. · ....... ·,.· ... )o :s~yst.em, .. X y · . .. ,...X.-.y·., 
$J3c·ondly, t.he hi.gh terrrpet\:14:ur·~: beha·vibr· ·of r·e.·sis't.iv·tty ~~st 
b·e inve.st.±g;att2d ·to detec}t: any hig11. tempe.rai::ure. Jna.gne·,siurn ·e.f'f·ect . ,, . 
. a.;nd ·provide infcsrrnati.on ·crt the, .act .. ivat·ion en~rgy for .th~ n\agne-~: 
·si\un.· allo.ye·d sge·cimetrs . Fina·11 y :, 
properties of the /rystal lattice 
I 
infc)r.mation. abo-tit th·e e.las·ticr . . . . ' . . .. •' . . . . .. 
~ effect B:nd the e. · ire cd.:nduc:t:idn rnechani:s:in a·:r.Ef str,ongly. b:c1.sed 
o-r1 ·the elastic · .. ro·pert.:LE=,$: o·f :the .m-ateria1. 
a.:·; .. 
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·CO_NCL.US.IONS 
_I:t .iS. .'2onclt1ded from. thi:s ·w-o_rk :th-at:: 
1 . .tv1,3,gnesium additions to the LixCo(l-::X)o sy.stem h<1ve a. 
d:ef:in-ite and '.dete.ct-·:able ef feet _on: t:he · room temperature· ele-c·~ 
tr·icai re.s-isti vi ty behavior. The· ad.di t·ions -:proct:µee minim-a: in 
,. 
:;p.rbduce drop:s in . the- re·s-ist.i vtty· while .. h,o.lding -th~ :·Iit:hium con~· 
.2 .• The resis:t~.v.it-y beha::J:±.o·r· :p.r.qduced by the rnagne$i.4rn is: 
clue. t·_o ·i-ts :ln:flµe-n-ce on t·he e,1:a.st:i_.:q_ propert es of the l·att_:i_c.e.-. 
'E(Y. produc-i.ng a, s·y.-fficient_iy urelaxeo n lattice at favor,a_b:1-e 
:is re:duc~d pe.rrrtittirtg· 1o.we:r- .::r~s_i.:s·tiiv-i·ty ,val-ues· a.s con·clude_d ' -· ......... 
i., t 
,3-: .. _Th.e "ho::ppihg_:u ,-m:e.-c:han±·-s.·in· o_f: :cond·uc·tion: is· _app_1-icable. 
'for,- e)(plcaini.ng, the c,.onduction prc)Ces·s in th~s.e_ !JJtq1terials. fb.:e 
conduct.ion proce.s·s i-s dependen·t t1poh the elastic ·propert:y . ______________________ __ 
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:.TA·BL'E ·op :D:A·TA- ··' 
:Chemical 
s·pe·cimen CompositicJ-rL _:Ei.ec{tri·cal .. Composition :Ac-:tUctl. 
Number Mole Rati-o R6·.8ist·£.v.ity< Mole Percent· 
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.• 
B 
9 
10: 
.. lJ.: 
12 
13: 
1'4 
::15. 
16: 
1.7' 
18:: 
- _; · . 
·19: 
:20 
·2.1. 
·2:-2·· 
'23 
24, 
Co: Li :I1Jg Ohm~c-m ·%1.i %Co %flg t,i/C=o 
·9.: l :, 0 
·9·-'·l ··:l' ; . . . . 
9··-I• •. -2· ' ., : . 
:9 .. • ·1·· •.· 3• · . 
.... ' . ··- . ,,· . .. . . 
·9···1 • .. o·· . . . . . . 
: -~- .. ·, -· ··.' .· 
· g·,:.1: 1 
9-::.1·: 2 
'9··:I··· 3· 
· .. ,.· •.. '. ,• .. - . 
13 •:.l ;; '0 
. . .. . .. , . 
,a·. ·::I.· ... 1 
... .. 
:s.· ... 1·· .2· · 
' ··- :~ .. ,• 
8: l:: :3 
8'.··1:.·· 0 
,· .. •.· ·. :· ..  · .. 
g:· I· 1 
.. . . 
··~·; 1:·,:2 
.s·· · , ·1·· _,_.: ·3·.·  
.. ·,• .. ·. : 
.g· .• ·2·· • ·o 
.. · .. : ' .. ,_ . ·. _. 
·:g····· ·2· • 1··.· : . :··:-. ... ·=:,. 
•. I • • 
·-s=·: -2. :: ·2 
8:: .2 ::·3 
:s·-:-2::.-0: 
:g ..• ·:2· .. ····1· 
. -· ·• . ·- . 
·8.: 2: :-: 2 
··s· ·• 2- • 3· . . .. ·.· .. ··
-~.i 
~-
:,':' 
771. 
5 ,::3.30. 
:·14:,;SOO 
9.: ,6::5:0 
·7·:B.8= 
3:_,.01.0 
.-5 .. ,·1.7,o 
9 .. , 300 
'i, 045 
3,940 
1,000 
10,250 
932 
·7 ,.· 47.0 
:9 .,: 760 
1·2,, 8:50 
2,. 9:10 
·2, 100 
.29,900 
42,500 
4: ,-4.5 0 
-~ t680· 
24 90.0 ' ... 
. 3 3· ,-40:Cl: 
6 .. 4. 
··5·· .. o·· 
·: .- ... ·' . 
13 .1 
4-.4. 
.6 .... 6: 
5 .9 .. 
S .... l 
4.8 
7.4: 
.6 ... 6: 
5 .. 8. 
:4. 7 
5··. g, 
·s-~·~:'· 
:s-:1. 
.4.·7 
1:2· .. ·7 
.1·1. 3' 
·s. o 
. ,' · .. 
·6·· .. :g·· 
. :;~- ~ ~-
1·1 7 ... 
-9·· ·4· t'I·· :. - ' _- • • 
•;• ··.- .. •· ",'.·· 
.8 .•. 4· 
7.6 
93. 6 'O 
. . . 
·8:4.6: ·9.4 
7B· ~ 9 l.7 . Q> 
7.1 . .7 2·3: . · 9: 
9.3'· 4 
... - .. . . 0 
g·4 ~: .. ~l .9 •. 4 
7·7 •· 6 .17. 3 
71. 3. 2:3 ... 9 
. ·, .. . . . . . . -· 
:°92-· 6: .. - ·o· ...
.. - :_ .· ··.. : '. 
:·a-3 • ·o, 10. 4. , . .•. . .. 
75 .. 4 1s· .. :8 · . 
.- : ' . -
:6:9,. 3· 2.6. o: 
:st3· .. :2 . o 
B3. 6 :10 •. .S. 
:J·s. 9· 19·. o 
6 . 9 :• :3 2, 6 . 0 
B7-.. 3 
7.B. 9 
,3· e· 
·/· ·.· -.· _e_:. :·.'-· 
6.7·. 8 
:8'.8 .•. 3 
. 8-0 • :5 
73.~ 3. 
·Q 7: .. 2 
o. 
.. 9. ·9. 
.18. 4 
. . .. ·-
::2.s·. 4 
0 
10 .1 . 
1:8. 3 
2s .. 2· 
. . . . . . 
o .. 0683· 
. . .. . . . . .._ -. 
0 .. 0:7:0B 
0 .. 0.793 
. . . .. 
0.0613 
__ Q_. 0 70 7 
0.0696 
0. 065 7 
0. 05·73 ,, 
o: .:oB.0:0 
._·•. ···-··--"-
0 . :·Oi7. 9 5: 
0. 0770: 
. '. . . ' . . . 
.o. :06·i7g 
·o, .. o :7._3·0 
·o.·o7o_s: 
·O • .0-6 7 2. 
Q. 0·"678: 
. \. 
:_o •. ·14s 
·0:.143, 
:o. 110: 
.· . '. - . 
0 .. 1:0:0· 
0 .13·3· 
. ; . •. 
:0 . 117 ' 0 ,,. 
0 •.. 11·5 
. .. - . 
o .. _11_3: 
L 
. --- -------
---· --~-----·-- - .' ----- '---·. --~-------' . -->-- ·--- ' ---· --···- -~ -----.,·---~----~---· . -~-·-~--·-··z---· -~--~----"-- . -·~-- :~·-. "-~ • -.. ~--~-- ··--.· . --~------ -
...... 
.. ..,.. 
-~ 
--.--~ 
•. "":'.'"':" :..' fl., ·;, ._, 
.,,· ,. :·, 
.... 
-~· 
• 
. ' 
' 
..... 
'\. 
··: ( 
-~ • 
~.· 
33 
· 100,-------------------
• 
50 
., ....___. 
·' 
. 
,..:,, 
20 
)· 
• 
Data of Heikes 
" 
and Johnston 
~ 10 e rt) 
I 
0 
-
........... )( 
E 5.0 .. 
(J 0 I 
E e e 0 s::. 
,./ 0 -...., 
I 2.0 
~ • ,. •,,·:: 
+-
·-> 
·-.... 0 (/) 
·-u, 1.0 Cl) 0 a: .• ~ .,. <o 
l 
0.5 
- _Q.2 
. .-.... . . . 
-----·-··-------- ~·- --~~-.. ·-.~·-· ... · ·-· ·---'--·-··---··· ___ .. ---· .. -·--~ _,. _____ ··-- ------ .. - ._ - .. - ................ -·--·----···-- -- ~ ...... -·-----·-· ---··- -------------·---------· 
... 
0
·
14!-----~s~~-a~.....,.-~,~o~· .....a..-~,2-· ---L-..J,4 
0/o lithium - (Mole/ 0/o) 
::~rig .1 
'j- :. 
=R,~s.;i:s.t1:vi t .. Y as a function pf mole % li thiurn for 
spe.cithens with 0% magnesium . • 
-~·,',, 
' 
.,. 
.,_,. 
',, '•' ,, 
.. i 
~ 
' t 
I 
l 
' 
1 
/ 
'·.,;' 
-~ 
/, 
I. 
' ! 
10 .. 
,.... 
rt) 
I 
0 
-
)( 5.0 
E 
u 
I 
E 
.£:. 
0 
...__. 
I 
>. 2.0 
~ 
·-> 
·-.... 
Cl) 
·-,n 
G) 
er:: 
0 
Fig. 2-
\ 
-~ 
-----------
0- 0 
0 
.,· -t: 
\/ .. 0 
·o 
c::· 
·' 
5 10~ 15 20 
·
0/o Magnesium - ( Mole 0/o) 
Resistivity shown as a function of magnesium com:pos:i·tion for t.h.e o •. '07 lithium/cob.alt ratio. 
-~ 
. 
~-
,. 
I 
0 
0 
: ..... 
· 25 
' ~. 
't: 
.I 
,.., 
.,. 
35 
100------....--------------
50 
• 
20 
.c:·, 
.I 0 ,..__ 
rt) 
10 'o 
-
-,c 
·,-: 
" E 5.0 u 
I 
0 E 
.c 
0 
-..., 
' I 2.0 f >. 
... 
·-> 
·-... 
• 
·-
i; 
Cl) 1.0 
0 
G) 
0:: 
~o.5 
,) 
f 
0.2 -- .... ,~-.--•-·>,-•-.------- --·- -·--·-·--·-··- "··-··-··· -- - - ;--- .--- --.-, -,, ·. - --- .. ;•·--,· .. .-.~-- . --· - -'~ ...• --·--·---· -~--~ ,_ ..... , ·-·--··· -
_:.· 
5 10 15 20 
0/o Magnesium - ( Mole 0/o) 
·Fig. 3 · Resistivity as ·a functioh of mole % magnesium for the 0.08 lithium/cobalt ratio. 
:. 
,, 
... 
··.J-
.. ~ .. .•. 
.' (' 
I. 
l 
;, 
:f' 
/ 
i 
i 
~ 
_....... 
ro 
I 
·o 
-
,c 
e 
u 
I 
e 
.c 
0 
. ._.... 
I 
~ 
... 
·-> 
·-.... 
en 
·-fl) 
Cl) 
°'~ 
lJl 
,· 
\. 
50-----------------------------------------------------------1 
~ 
,9. 
---------- 0 
20 
·e· 
, . 
10 ,s 0 
.a 
·' 
~. 
{ 
2.0 ............................................ ..__ ....... ..__ ........ ___ ...._ ___ .._....._..._ ........ ~...._..__...__ ....... ..__...._i.....~~ 0 5 10 15 20 .. · 25 
Fig •. 4, 
.,V 
0/o Magnesium - ( Mole 0/o) 
. 
Resistivity shown as a function of mole % magnesiu-m ~for the 0~12 lit~ium/cobalt ratio. .. 
~ 
.• 
, 
V'J 
en 
. 
•• 
' 
.... 
I· 
_, . 
.. 
·100---------------------
50 
.. 
... 
20 
'\ 
0 ~ 
.,., 
I 10 0 ·r, 
-
)(. 0 
" E 5.0 u 
I 
E ~ 
.s::. 
0 0 
""' 
I 2.0 
>a 
.. 
·-> 
·-.... 
U) ~ 
·-Cl) 10 ·.-..:: 0 .G> a:: • 
0.5 
0.2 
'\. 
0.1 ~ .................. ...__ .............. __. ....... _.. .............. __.. __ __... ............................. 
·o 5 10 15 20 
· 
0/o Magnesium - ( Mole o/o) 
I 
.Fig. 5 B..esi.stivity as a function of magnesium· compos·ition f'or· :constant lithium composition of 6.0 tno:le %. ,.l 
_;.,.· 
·'.':''· . 
--.v ·~ 
·~ 
I 
l 
; \ 
'· 
-~· 
• ! 
1 
'( 
1 
'• 
'I.., t 
. -
REFERENCES 
,.l.. E•:· J" Verwey, TTNeuv:ea:ux Materiaux :c:erarnicfU:es·-.vq.·1erice · I.n.d\JiteTT' Bulletin de: la S'(J°ciet.e, ·chiinique·~.Q:~; F.rance,, 
·vql. 16, p. Dl22; 19:4.9·.= 
·2··· 
.· :_ . 
. 3: . 
. . . : :.: 
6· .• 
c·.: J. Smi thells, Meta:ls Re·ference BQ<)k,, -p=., ·2:0·.2,,. ::B.utt·e.r-. worth and Co. 1·tct. ·, L=O_rtoon, 1 ~6.·2 • 
. £·. J. W. Verwe.y·,,. P·,. W. Haaijman, ·p. C' •. ·RomeiJ·D.:; :and ·G. W •. va11 Ooste.rho.ot, ·11.Coritrolled-V~l:enc·y :$eroi-.Cohduc tovs n; Ph·illi·ps Res·:earch Rep.or·t.~r, v.cJl, .• 5,:, ·.· p .. ·173-1.87, 195.0. 
:R·. ·R. H·eike-$ and. W. D:. Johns:tq11,, ·'1Mec.hanism ·of ·condu:c·tion· ±0 Li- S:ubs..ti tut:ed Transd.;tion Metal ·O:xi·des n, Jou·rn<;3.,l ··o·t Chernic:ai .-J?hysics, vo.1. 26(3:). ., p. 5 8:2·~ 5 87·,. l·g.5 7. 
,s; .• V.an Houten, nsemico·nctu·ction in ·LixNi .. Cl ·x)o.u ,· Jotrrn~.J.: o.:f J>nys·.ic·S and Chemi.s try of: Solids,, i . ' . .-· . ·. . 
' \lO·l • . 1 7 ( 1 , 2 ) , p . 7 -17 , 19 6 0 . 
S-.. :Koide, nElectrical Prope·rties .of· Li 'I'ti(.l_·,.:···):O .Sintrl.e . TT . f · 
· X ·· ~-X c·ry·stals · ·, ·Journal o. the Physical 
· · 
s·oc·iety of Japan, vol. 20 (1), p •. 1.23-13-2,, l:'.965. 
A. J,. Bosman and ·c .. Crev·ecoeur,: ·1'Mechan:L:srn ·of t:he Eleqt.I;.'ica:1 
·co.nduction in Li-Do1ied. N:iO'.T-., ·Physic.al :Re:Vi·ew·, ·vql.. 144: (2·). { 1>. 7·5.3_ 770 ·, 1966. 
:I .. G. Au.s,tih,, A:. J .. Sprit1gt.hqrpe, and B. A •. s·mit.h, '·'.BOP.P'i·ng: :o:nd. Narrow- Band Cortductio:rt in Nib and .Co:CJ:11 -, '.Ph·ysi:c}a,l Lette·r-s, voi. '21. (1), p. 20- 2:2, 1968. 
9. M ... ·Roilo·s· an.cl P. Nagles_,· nElect_rica·i ·Measu~e.rnertt:-S on :CQO a._rJo NiO Singl~ Crys.tals.T-f:, $o1id .. Stat~ :Comrnun1cat:Lons·,. vo-1. ·:?, p. 2.8:5-290, 1964. 
,. 
·1.0... .H·and.book of Ch·emistry and I?hys·i~s, 44th -Bo:t,t:ion . ., :P, 3:507.,. Chemical Rubber Pub.lishing Company:, c,.l_e .. v·elahd~ OhiQ, l963 -~ 
,. 
11. p:.., G,. Shewmon, Diff us.ion in Str1·1·as, .Ch.~.p:tet:~ :2:., · McGraw..;. Hill. Bb:bk. Company, New York, ·196~. 
~-
., 1.:2·.... ..c. A. Wert and R •.. 'M. Thomson., Phys·i·cs. of :$0.li.d=:S:·~ .. Ch:~pt:E~-~ ,1·4.,. 
·MoGraW-Hill. Book _Company, N:ew York, ,196.:4~ 
.. 
, .. 13· .. Sh·ewmon, D:Lf f us.i·on in Sol-ict·s, Ch~pte-r S .. 
;. .;~, 
"' ~ 
? 
.14. J ~ Berkowitz , W. .A. Chupka., G. D. Blu.e, and. 0"·~ :L ., Margra.-ve, "Mass Spec.-trome.tric ·study of t·he Sublima.tion' o·f ·Lithium 
,;: .) .... - - . ·. 
· Oxide", Jou-rna.l o·t Phys:ica,l ·cherh1~try·,. vol. 63,:, p_. 644, 
'1959. 
I,' 
.,. 
,· 
,. 
r 
. .,,.-
.. 
. . 
1s .... W. C:. Jia.hn.~ As·so·c.iate Pro:fe$s:or· ·:of ·Metallurgy and Mate-ri·a:ls Sc:·ier:ice, L.e'high Ur.1i'v.er_s_:ity, Bethlehem, Pa., Private Communication.,. 
. . 
. 
. . 
. . . 
. . .. - . 
. 1·6. ·-J~. -A. Dean, Fl9me: Photome.tr·y, MctGraw~Hill Boo·k·Cornp~ri·y·,. 
·New York, 1960:. ., •. 
' 17 .. T:.: Cody, BomE=r .Re:s:earGJl Labo:-r·atbry,,: .B:·ethl·e:h .. em :st:e.e_l. 
.Company, B·.:ethle·h~m, :P·a .. , Private: C:omIIiu11icat.:i.o:n.. , 
:1:-8. ~J. ·Si._rr1pson, Leh±gn-. Ut1.ive·rsi-ty, B·.ethlehem, Pa'._·: Pri\ta:te·: Corrunuhicati·o:n- . . ·. ·- . ' ' . . . -. . ._ .~ 
'1.·9 ... ·vl • . D. Johnst·o:n, R. R. Heike$:,~ a:nd: T}:. :Sest:ric:h, 'T.TTtr~. 'Prep.a·r:a~-· t~on·, .Cry.s:ta1·1o·graphy, and :~agnetic .Propert::.leS· -P~: th:e :_ . _ :L_:_1. :_90:rl~·x)·o System11 ·, Journ·a1 _o_f_ Phys.ic.s an.ct· Chemi·.st.ry· of· 
-· S,o.fict.s, vol. 7, p. 1-13_, 195,8 .. 
__ . ~-
i· 
I. 
'' i 
,;· ' 
t •• 
.. 
- . 
.. . 
. ·~~ 
,[ 
! 
1: 
l, 
I 
i 
',1 
,. 
' ~. 
I 
II 
II 
!:.o: ji'" 
,, 
[ 
J 
-, 
[ 
-c [ 
[ 
.. -· 
40 
VITA. 
John· ·nonald :O.ak·.ey· w-a .. s: :boJ?n :on ·oc·tober :13, -.1943: in ·N,ew.a:rk, - . 
New Jersey. His p·,1:rents. ar\e Do·ugi·as F· .. and. Betty· _Lou Oakey. . 
' 
In June of 19·5·1 Mr. Oal<._ey: _gr.:acluat.ed :f'ror.t( ·bunmore. 'H.igh .Scihool., 
D_unmor.e,. fennsylv"'cania_ c1rf.ci in Sept·ernber .. of i9:6-J;. he 1netriculated 
ip: Metallu.rgi9:al .;.Engin~.ering. Whil_e. an ui}d:ergr~duat-e ,. ·Mr·:· 
:o·akey was ele_q·ted ·to Tau B·et.a:· °f'i and S.igtna .Alph·a .Mu·· ano. :Eterv..ed. 
-as: .. pre·sfiden:t -of the student meta_llu.r:.g.tcal soci·E!t:SZ·:. In Sep:tern_·:'.:-
b .. er o:f i:l6'5 he .ihitiett·eci a. pr.ogram .ot grad:uate st:uoy· in ··th:e: 
Departm·ent ·.of· Metal.lur·g.y ancl .Materi<:1i;; ·:S.cience -at Leni.gh. He 
·: .. --= 
:Ls. c_u;:r.en·t_ly· en.ga_ged: in pur·:s-uirtg the cornpleti:on :of .hi·s- 'gradl.l_q..te.: 
·$_t:.udy progr-a'm through wor.k toward th:e- de:gr-:ee of I)oct.o.r o .. r· 
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